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Executive Summary

This report describes the results of an emission equivalency comparison project conducted for
GTAT of California in accordance with criteria and requirements of the Texas Commission of
Environmental Quality (TCEQ). The objective was to compare exhaust emissions of an
alternative ultra low sulfur candidate fuel to a Texas TxLed reference fuel under hot-start
transient test cycle conditions. The primary objective was to obtain NOx emissions with the
alternative candidate fuel equal to or better than results with the TxLed reference fuel without
negative effects on PM and other gaseous emissions.

TCEQ required the candidate fuel to be blended with 20% biodiesel and GTAT elected to also
add their Viscon polymer additive at a concentration of 1 ounce to 20 gallons. All fuel mixing
and emission testing was done by Olson-Ecologic staff while observed by an independent auditor
under contract to TCEQ.

Exhaust emission tests in accordance with EPA-CFR protocols for hot-start transient cycle
testing were conducted using a Cummins Model M-11 400E recently remanufactured diesel
engine after 144 hours of engine conditioning operation. Reference fuel testing was followed by
triplicate tests of the candidate fuel without biodiesel or Viscon added. Subsequently the engine
was operated for 72 hours on the alternative B20 candidate fuel with Viscon followed by official
tests for comparison to the reference fuel.

The candidate fuel without biodiesel or VViscon compared to the reference fuel resulted in the
following differences.

grams/bhp-hr
HC  CO  NOx NO COo2 NMHC  PM
Average of Reference Fuel Tests 0.133 0.678 4.243 3936 561.97 0.086 0.059
Average of Candidate Fuel (only) Tests 0.132 0.771 4.816 4.465 577.68 0.080 0.076
Percent Changes -0.8% 13.7% 13.5% 13.4% 2.8% -7.0% 28.8%

The B20 alternative fuel with Viscon compared to the reference fuel resulted in the following
differences.

Ib/bhp-hr
BSFC
0.3672
0.3724

1.4%

Avg. of Reference Fuel Tests

Avg. of B20 Candidate Fuel w/Viscon Tests 0.111 0.586

Percent Changes

grams/bhp-hr

HC  CO NOox  NO  COz  NMHC
0.133 0678 4.243 3936 561.97  0.086

4749 4377 57281  0.068
-16.5% -13.6% 11.9% 11.2% 1.9%  -20.9%

Subsequent testing using the candidate fuel with Viscon only (no biodiesel) compared to the

reference fuel (as tested at the end of the project) resulted in the following differences.

Avg. of Reference Fuel Tests

Avg. of Candidate Fuel w/Viscon Only Tests 0.129

Percent Changes

grams/bhp-hr

HC ~ CO NOx  NO  €CO2 NMHC
0.130 0.700 4.349 3986 563.18 0.073

0.684 4512 4131 569.89  0.065
-0.8% -23% 37% 36% 12% -11.0%
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Ib/bhp-hr
PM  BSFC
0.059 0.3672
0.059 0.3815
0.0% 3.9%

Ib/bhp-hr
PM  BSFC
0.065 0.3682
0.069 0.3712
6.2% 0.8%



Neither the B20 alternative fuel with Viscon or the alternative fuel with Viscon only provided
NOXx equivalency to the reference fuel. However the combined data can be interpreted to show
the following improvements with Viscon only in the candidate fuel.

Percent Changes w/ Candidate Fuel Only
Percent Changes w/ Viscon (Only)

Treated Candidate Fuel

HC
-0.8%

-0.8%

Estimate of Emission Changes with

Viscon Only

1370 South Acacia Avenue, Fullerton, California 92831

0.0%

€o  Nox  NO
13.7% 135% 13.4%

-2.3% 3.7% 3.6%
-9.8%

-16.0% -9.8%
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1.2%

-1.6%

NMHC PM
70% 28.8%  1.4%

-11.0% 6.2% 0.8%

-4.0% -22.7% -0.6%
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Introduction

This final report documents the emission testing project conducted for GTAT California of
Bakersfield, California. This project has the objective of showing exhaust emission equivalency
between a candidate fuel containing 20% biodiesel fuel treated 100% with the proprietary Viscon
polymer additive (1 oz. to 20 gal.) and the TxLed reference specification fuel when tested by the
official hot-start EPA transient cycle emission test protocol. This project has been done in
accordance with the detailed protocol and requirements specified by the Texas Commission for
Environmental Quality in Austin, Texas.

Test Facility and Capability

Olson-EcoLogic as an independent emission test laboratory is an 1SO 9001:2000 registered
facility. It is officially recognized by CARB and listed by EPA as a capable emission test facility
for the protocols conducted in this project. Dozens of transient cycle emission tests have been
submitted to and accepted by CARB for other clients. Over the years literally thousands of
emission tests have been conducted for CARB review and in accordance with CARB and EPA
requirements. All engine operation and transient cycle emission testing for this project was
conducted at the Olson-EcoLogic Engine Test Laboratory in Fullerton, California on their 450
horsepower electric dynamometer in test cell no. 1. All test activity was under the direction and
responsibility of Donel R. Olson. Mr. Olson is a California registered professional mechanical
engineer with 40 years of experience in the measurement and analysis of engine emissions. Over
twenty chassis and engine emission test laboratories in the United States and Germany have been
under his past ownership and direction during the last 30 years. Mr. Olson is also the co-founder
of Olson-Horiba Instruments and has been responsible for designing and providing dozens of
complete emission test facilities around the world. Prior work experience included three years as
an engineering project manager at Southwest Research Institute in Texas. He also started and
managed Olson Laboratories, Inc. a public company that grew to be the largest independent
emission measurement organization and provider of emission measurement systems in the world.
This company was ultimately sold to Northrop Corporation in California.

The specific emission test cell for the project conducted here consists of the following
instruments and equipment: Horiba gaseous analysis instruments for THC, CH4, CO and CO,,
Rosemont chemiluminescent analyzers for NOx and NO, Sierra Model BG-2 modified and
upgraded particulate sampling system; the engine dynamometer is a Baldor computer controlled
450 horsepower full electric system. Fuel consumption was measured gravimetrically with use
of a precision scale and simultaneously fuel consumption can be calculated by the standard
carbon balance method for comparison. Custom computer capability based on modified
Wonderware software is utilized for all control and data functions. Other details of the Olson-
EcoLogic emission test facility capability can be viewed and obtained on the Olson-Ecologic
website at www.ecologiclabs.com. A copy of the Olson-EcoLogic ISO 9001:2000 Certificate
and the CARB letter of emission testing capability is provided in the Appendix to this report.

ISO 9001:2000 Registered
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Engine and Instrumentation Preparation

The Cummins 2003 ESM Model M-11 400E diesel test engine used in this project was provided
as a recently remanufactured engine (8/30/05) by the GTAT client. Engine serial no. 60412072.
The rebuilt engine specifications and engine performance test data are provided in the Appendix.
This on-road engine was originally built new to California exhaust emission standards (grams
per bhp-hr) of 1.3 THC, 15.5 CO, 4.0 NOx and 0.10 PM. Olson-Ecologic pre-tested the engine
to assure that it did not exceed these original build standards. The engine was adapted with a
soft coupling and connected to the electric engine dynamometer for 144 hours of stabilizing
operation under representative load conditions for subsequent EPA transient cycle emission
testing. Preparation of the engine prior to testing included thermocouple and pressure transducer
installations in addition to installation of a Sierra air mass sensor to measure combustion air in
real time and connection of the exhaust gas to the Olson-EcoLogic heavy-duty CVS (Constant
Volume Sampler) for proper exhaust gas dilution under constant mass conditions.

Auditor Observations

As provided in the agreement with TCEQ, all test functions, calibrations, fuel mixing and
operations were observed by the independent TCEQ appointed agent.

Test Fuel

The TxLed reference fuel and the candidate fuel were provided by the client. The candidate fuel
was admixed with 20% biodiesel and was treated with the proprietary Viscon polymer additive
(1 oz. to 20 gal.). All fuel mixing, Viscon measurement and addition was done by Olson-
Ecologic employees and observed by the independent TCEQ auditor. Fuel inspections obtained
from the client are provided in the Appendix.

Emission Testing and Quality Control Protocols

Dilute exhaust gases from the CVS were continuously collected and routed to the gaseous
analyzers for analysis by volume and for final calculation of corrected mass concentrations using
temperature, barometric pressure and humidity. All variables were automatically integrated from
the second by second raw data. Simultaneously and continuously exhaust samples were routed to
the Sierra BG-2 particulate sampler for capture of secondary dilute samples over the test cycle on
a pre-weighed paper filter media and weighed again to determine the mass concentration of PM.

The computer software program captures and integrates all raw data continuously over the test
cycle recording and correcting the data every second over the 1200 seconds of engine operation
for each hot-start transient test. These measured and recorded data, after correction, become the
basis for the final mass per brake horsepower-hour data that are provided in the summary reports
listed here. In addition to correction of the raw data for temperature, barometric pressure and
humidity the data are corrected for any hydrocarbons and carbon monoxide present in the
dilution air introduced through the CVS for the dilution air only. This is done by continuously
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collecting the dilution air sample over the test cycle in a bag for analysis of the dilution air at the
end of the engine test cycle. The measured dilution air bag concentrations of selected gases are
subtracted from the continuously integrated dilute exhaust gas samples to provide the correct
exhaust gas values.

The quality control function is accomplished by automatic triplicate zero and span gas checks at
the beginning, middle and end of each test cycle. The computer automatically corrects any
instrument drift or offset that may occur during the cycle to assure that real time data are
compared to the correct instrument calibration curve. After the test is completed the quality
audit function is accomplished by reviewing the real time 1200 seconds of data to be sure all
control parameters are within specified and required values and that there are no obvious
discrepancies in the 1200 seconds of all recorded data. Special reports are automatically printed
by the computer after each test sequence and they are included in the Appendix. These reports
are:

1. Phase report showing all critical data and reporting corrected emissions in grams per
brake horsepower hour.

2. Regression analysis report for comparison of RPM, torque and HP to allowable
variances.

3. Calibration data showing initial and final calibrations for all analyzers at the span,
midpoint and zero settings.

After three replicate tests have been completed, all data sets are checked for individual data
outliers to determine if additional data must be measured. The data outlier procedure is defined
by ASTM E-178. Essentially the ASTM formula uses the data standard deviation and a “t”
statistic to determine the value at a given level of confidence which if exceeded suggests that
data point is not from the same population. In accordance with the TCEQ requirement 5% is the
accepted data rejection level. This means that if a given data point exceeds the calculated value,
it can be concluded that it is outside the data population that includes 95% of the data points. For
all the data accumulated in the project there were no outliers for the initial reference fuel tests
and the B20 candidate fuel with Viscon when calculated for each data set of three or more tests.
The data outlier calculations are provided in the Table 1 summary.

Test Protocol Sequence

The TCEQ test requirements involved the following testing sequence:

1. Operation of the test engine over a representative load cycle with the reference
(baseline) fuel for 144 hours to stabilize the emissions was initially conducted.

2. Conduct of a hot-start EPA 1200 second transient cycle (no emission
measurements) followed by an official engine MAP measurement of maximum
engine power over the speed range with the reference fuel was conducted (this
conditioning protocol was used and recorded prior to every fuel change and at the

ISO 9001:2000 Registered
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Test Results

beginning of each test day — however, only the original reference fuel engine
performance MAP was normalized and used in all subsequent emission testing).

Triplicate hot-start EPA transient cycle emission tests involving first a 1200
second “dummy cycle” with no emissions followed by a standard hot-start
emissions test were conducted and repeated a second day using the reference fuel
to obtain the baseline comparison data (a total of six baseline reference tests).

Upon completion of the reference fuel testing triplicate hot-start EPA transient
cycle data were obtained with the candidate fuel only (no biodiesel and no
Viscon).

. A single hot-start EPA transient cycle test was conducted with the candidate fuel
containing 20% biodiesel only (no Viscon).

20% biodiesel (B20) and the Viscon polymer additive were then mixed with the
candidate fuel by Olson-Ecologic as observed by the TCEQ auditor and the
engine was operated for 72 hours over a representative load cycle to condition the
engine with the B20 Viscon treated candidate fuel — abbreviated measurement of
emissions during this conditioning operation (not reported here) were conducted
periodically to monitor the change in emissions.

Triplicate sets of official hot-start EPA transient cycle emission tests operating
with the B20 Viscon treated candidate fuel were conducted (nine tests total) to
provide the final average data for comparison to the original six test average
conducted with the baseline reference fuel (see item 3).

Immediately after completion of the testing with the Viscon treated fuel, (with no
engine operation in between) two sets of triplicate hot-start EPA transient cycle
emission tests (six tests total) were conducted with the reference fuel only to
obtain some measure of residual emission effects possibly caused by the B20
Viscon treated candidate fuel.

Finally, three sets of triplicate hot-start tests (nine tests total) were obtained with
the candidate fuel containing only the Viscon polymer additive (no biodiesel).
The fuel mixing was done by Olson-Ecologic under TCEQ auditor observation.

All of the official exhaust emission test data accumulated in this project are summarized and
chronologically listed in the Table 1 summary in accordance with the TCEQ requirements.
Table 2 provides the summary of each data set average and the calculated percentage changes for
the initial reference fuel data and the B20 candidate fuel with Viscon to satisfy the initial TCEQ

ISO 9001:2000 Registered
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objective. A secondary objective to evaluate the effectiveness of Viscon alone in the candidate
fuel as compared to the reference fuel is demonstrated in Table 3.

Test validation criteria regression results for each test calculated in accordance with CFR 40 Part
86 Sec. 1341-90 are provided for each test in the Appendix. Detailed individual test results and
engine MAPS are also provided chronologically in the Appendix.

The TCEQ requirements specify equivalence calculations in a detailed format that uses a
calculated tolerance level for the TxLed reference fuel emission results. Measurements of the
Viscon treated candidate fuel emissions are then compared to the TxLed reference fuel results
after the averages have been adjusted with the calculated tolerance adjustment. Data in Table 4
have been calculated in accordance with the TCEQ specified tolerance formulas and the results
are summarized as follows:
Table 4 Summary
Equivalency Comparison

NOXx HC NMHC PM
B20 candidate fuel w/ Viscon (1 oz. to 20 gal.) average 4.749 0.111 0.068 0.059
Reference fuel average after tolerance level calculation 4.184 0.130 0.083 0.059
Percent change using B20 candidate fuel w/Viscon 13.5% 14.6% 18.1% 0%

(Negative Value = Greater Emissions)

Discussion of Results

The candidate fuel with 20% biodiesel and Viscon polymer treatment at 1 oz. per 20 gallons did
not show equivalency to the TxLed reference fuel for oxides of nitrogen. Average NOX results
were 11.9% higher compared to the reference fuel. HC and CO however were respectively
16.5% and 13.6% lower than the reference fuel and PM was the same for both fuels.

Candidate fuel testing (without biodiesel or Viscon) as shown in Table 3 exhibited 13.5% higher
NOx and 28.8% higher PM. It is well known that biodiesel fuel results in higher exhaust NOx
results. Accordingly, at GTAT’s request a subsequent series of tests were conducted with the
candidate fuel treated only with Viscon (no biodiesel). NOx equivalency to the reference fuel
was still not accomplished, but the NOx data for the candidate fuel with Viscon only were only
3.7% higher than the second set of reference fuel data. This compares to the 13.5% increase in
NOx with the candidate fuel only. Accordingly, as shown in Table 3 the estimated effect of
Viscon (only) in the candidate fuel is as follows.

ISO 9001:2000 Registered
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Improvement w/Viscon compared to the candidate fuel (without Viscon)

----------------------------------------- Grams/bhp-hr ------------m e Ib/bhp-hr
HC co NOXx NO Cco2 NMHC PM BSEC
0.0% -16.0% -9.8% -9.8% -1.6% -4.0% -22.7% -0.6%

It is conceivable that candidate fuels with a lower (more representative) effect on exhaust NOx
production would permit NOx equivalency with Viscon (only) treatment.

ISO 9001:2000 Registered
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Chronological Summary

Table 1

Hot-Start EPA Transient Cycle Emission Test Results

Cummins M-11 400E Engine Data

Conducted at Olson-Ecologic Labs February and March 2006

For GTAT California

Reference Fuel - Initial Tests

------------------------------ grams/bhp-hr -------mmmmemeeoee oo Ib/bhp-hr
Test No. Test Date Test Type HC co NOx NO co2 NMHC PM BSFC
GTATTCEQO4 2/22/2006 Hot-Start Transient 0.139 0.692 4.230 3.920 566.54 0.075 0.058 0.3685
GTATTCEQO5 2/22/2006 Hot-Start Transient 0.121 0.661 4.250 3.980 561.28 0.083 0.058 0.3674
GTATTCEQO6 2/22/2006 Hot-Start Transient 0.131 0.676 4.250 3.900 558.56 0.090 0.056 0.3672
GTATTCEQO08 2/23/2006 Hot-Start Transient 0.142 0.691 4.258 3.946 570.70 0.080 0.060 0.3669
GTATTCEQO09 2/23/2006 Hot-Start Transient 0.137 0.677 4.270 3.957 564.81 0.092 0.060 0.3661
GTATTCEQ10 2/23/2006 Hot-Start Transient 0.128 0.671 4.199 3.912 549.93 0.097 0.060 0.3669
6-Test Average 0.133 0.678 4.243 3.936 561.97 0.086 0.059 0.3672
Standard Deviation 0.008 0.012 0.025 0.030 7.242 0.008 0.002 0.0008
95% Confidence Level 0.006 0.010 0.020 0.024 5.795 0.007 0.001 0.0006
Data outlier treatment 2/22/2006 GTATTCEQO4 0.767 1.177 -0.511 -0.522 0.631 -1.356 -0.408 1.690
in accordance with ASTM E178-02 2/22/2006 GTATTCEQO5 -1.534 -1.429 0.285 1.455 -0.095 -0.385 -0.408 0.296
which specifies for a sample of six 2/22/2006 GTATTCEQO6 -0.256 -0.168 0.285 -1.181 -0.471 0.466 -1.633 0.042
at the 5% significance level value must 2/23/2006 GTATTCEQO8 1.150 1.092 0.604 0.335 1.205 -0.749 0.816 -0.338
be less than +1.822 for any individual 2/23/2006 GTATTCEQO09 0.511 -0.084 1.081 0.697 0.392 0.709 0.816 -1.352
data point 2/23/2006 GTATTCEQI10 -0.639 -0.588 -1.744 -0.785 -1.663 1.316 0.816 -0.338
Extra tests not used in averages
GTATTCEQO7 2/22/2006 Hot-Start Transient 0.122 0.670 4.230 3.909 563.50 0.068 0.059 0.3669
GTATTCEQ11 2/23/2006 Hot-Start Transient 0.141 0.658 4.191 3.943 564.09 0.074 0.062 0.3670
Candidate Fuel Only (No Biodiesel, No Viscon) |
------------------------------ grams/bhp-hr ---------me-meeeme e Ib/bhp-hr
Test No. Test Date Test Type HC co NOx NO co2 NMHC PM BSFEC
GTATTCEQ12 2/23/2006 Hot-Start Transient 0.138 0.774 4.782 4.445 581.98 0.086 0.074 0.3730
GTATTCEQ13 2/23/2006 Hot-Start Transient 0.127 0.774 4.773 4.419 577.37 0.072 0.075 0.3720
GTATTCEQ14 2/23/2006 Hot-Start Transient 0.131 0.764 4.892 4.532 573.68 0.082 0.078 0.3722
3-Test Average 0.132 0.771 4.816 4.465 577.68 0.080 0.076 0.3724
Standard Deviation 0.006 0.006 0.066 0.059 4.158 0.007 0.002 0.0005
95% Confidence Level 0.006 0.007 0.075 0.067 4.706 0.008 0.002 0.0006
Data outlier treatment 2/23/2006 GTATTCEQ12 1.078 0.577 -0.508 -0.344 1.035 0.832 -0.801 1.1339
in accordance with ASTM E178-02 2/23/2006 GTATTCEQ13 -0.898 0.577 -0.644 -0.783 -0.074 -1.109 -0.320 -0.7559
which specifies for a sample of three 2/23/2006 GTATTCEQ14 -0.180 -1.155 1.152 1.126 -0.961 0.277 1121 -0.3780
at the 5% significance level value must
be less than +1.153 for any individual
data point
GTAT B20 Blend in Candidate Fuel Only (No Viscon) |
------------------------------ grams/bhp-hr ---------me-meemmee e Ib/bhp-hr
Test No. Test Date Test Type HC co NOx NO co2 NMHC PM BSFEC
GTATTCEQ15 2/24/2006 Hot-Start Transient 0.132 0.680 4.902 4.525 567.89 0.090 0.061 0.3777
Official Tests Using GTAT B20 Blend w/ Viscon in Candidate Fuel |
- grams/bhp-hr -- Ib/bhp-hr
Test No. Test Date Test Type HC co NOx NO co2 NMHC PM BSFC
GTATTCEQ33 3/7/2006 Hot-Start Transient 0.115 0.600 4.777 4.435 575.05 0.068 0.058 0.3809
GTATTCEQ34 3/7/2006 Hot-Start Transient 0.117 0.595 4.860 4.511 572.74 0.077 0.058 0.3808
GTATTCEQ35 3/7/2006 Hot-Start Transient 0.110 0.581 4.796 4.447 575.02 0.069 0.059 0.3814
GTATTCEQ36 3/7/2006 Hot-Start Transient 0.092 0.584 4.694 4.350 568.85 0.051 0.062 0.3810
GTATTCEQ37 3/7/2006 Hot-Start Transient 0.106 0.584 4.674 4.256 571.52 0.068 0.057 0.3824
GTATTCEQS38 3/7/2006 Hot-Start Transient 0.107 0.583 4.677 4.303 575.55 0.065 0.060 0.3815
GTATTCEQ39 3/8/2006 Hot-Start Transient 0.126 0.592 4.656 4.258 566.87 0.081 0.062 0.3808
GTATTCEQ40 3/8/2006 Hot-Start Transient 0.113 0.581 4.751 4.372 579.45 0.069 0.056 0.3826
GTATTCEQ41 3/8/2006 Hot-Start Transient 0.109 0.577 4.855 4.459 570.26 0.068 0.062 0.3821
9-Test Average 0.111 0.586 4.749 4.377 572.81 0.068 0.059 0.3815
Standard Deviation 0.009 0.008 0.078 0.092 3.883 0.008 0.002 0.0007
95% Confidence Level 0.006 0.005 0.051 0.060 2.537 0.005 0.001 0.0005
Data outlier treatment 3/7/2006 GTATTCEQS33 0.480 1.802 0.359 0.632 0.576 -0.054 -0.582 -0.851
in accordance with ASTM E178-02 3/7/2006 GTATTCEQ34 0.696 1.143 1.419 1.456 -0.019 1.034 -0.582 -0.992
which specifies for a sample of nine 3/7/2006 GTATTCEQ35 -0.060 -0.703 0.602 0.762 0.569 0.067 -0.145 -0.142
at the 5% significance level value must 3/7/2006 GTATTCEQ36 -2.003 -0.308 -0.701 -0.290 -1.020 -2.107 1.164 -0.709
be less than +2.110 for any individual 3/7/2006 GTATTCEQ37 -0.492 -0.308 -0.957 -1.310 -0.333 -0.054 -1.018 1.276
data point 3/7/2006 GTATTCEQ38 -0.384 -0.440 -0.918 -0.800 0.705 -0.416 0.291 0.000
3/8/2006 GTATTCEQ39 1.668 0.747 -1.186 -1.289 -1.530 1.517 1.164 -0.992
3/8/2006 GTATTCEQ40 0.264 -0.703 0.027 -0.052 1.709 0.067 -1.455 1.560
3/8/2006 GTATTCEQ41 -0.168 -1.231 1.355 0.892 -0.657 -0.054 1.164 0.851




Reference Fuel - Repeat Tests After Candidate Fuel Tests

------------------------------ grams/bhp-hr ---------me-meeemeeme o Ib/bhp-hr
Test No. Test Date Test Type HC co NOx NO co2 NMHC PM BSEC
GTATTCEQ42 3/8/2006 Hot-Start Transient 0.137 0.692 4.367 4.006 561.99 0.079 0.064 0.3677
GTATTCEQ43 3/8/2006 Hot-Start Transient 0.125 0.680 4.408 4.011 562.35 0.074 0.064 0.3678
GTATTCEQ44 3/8/2006 Hot-Start Transient 0.112 0.683 4.368 3.968 563.22 0.058 0.064 0.3681
GTATTCEQ45 3/9/2006 Hot-Start Transient 0.148 0.707 4.332 3.922 569.29 0.084 0.065 0.3679
GTATTCEQ46 3/9/2006 Hot-Start Transient 0.138 0.718 4.381 4.049 567.03 0.080 0.063 0.3674
GTATTCEQ47 3/9/2006 Hot-Start Transient 0.121 0.722 4.239 3.959 555.21 0.062 0.067 0.3702
6-Test Average 0.130 0.700 4.349 3.986 563.18 0.073 0.065 0.3682
Standard Deviation 0.013 0.018 0.059 0.045 4.853 0.011 0.001 0.0010
95% Confidence Level 0.011 0.014 0.047 0.036 3.884 0.008 0.001 0.0008
Data outlier treatment 3/8/2006 GTATTCEQ42 0.519 -0.464 0.301 0.448 -0.246 0.586 -0.363 -0.476
in accordance with ASTM E178-02 3/8/2006 GTATTCEQ43 -0.392 -1.133 0.992 0.559 -0.171 0.111 -0.363 -0.378
which specifies for a sample of six 3/8/2006 GTATTCEQ44 -1.380 -0.966 0.318 -0.396 0.008 -1.411 -0.363 -0.082
at the 5% significance level value must 3/9/2006 GTATTCEQ45 1.354 0.372 -0.290 -1.417 1.259 1.062 0.363 -0.279
be less than +1.822 for any individual 3/9/2006 GTATTCEQ46 0.595 0.985 0.537 1.402 0.793 0.682 -1.088 -0.772
data point 3/9/2006 GTATTCEQ47 -0.696 1.208 -1.858 -0.596 -1.642 -1.030 1.814 1.987
Candidate Fuel with Viscon Only (No Biodiesel)
Ib/bhp-hr
Test No. Test Date Test Type PM BSEC
GTATTCEQ48 3/9/2006 Hot-Start Transient 0.122 0.700 4.494 4.147 570.85 0.058 0.068 0.3715
GTATTCEQ49 3/9/2006 Hot-Start Transient 0.119 0.683 4.529 4.131 575.16 0.052 0.071 0.3714
GTATTCEQ50 3/9/2006 Hot-Start Transient 0.130 0.684 4.495 4.126 579.59 0.063 0.068 0.3714
GTATTCEQ51 3/9/2006 Hot-Start Transient 0.127 0.696 4.505 4.129 573.55 0.062 0.069 0.3708
GTATTCEQ52 3/9/2006 Hot-Start Transient 0.132 0.671 4.501 4.112 569.2 0.070 0.070 0.3730
GTATTCEQ53 3/9/2006 Hot-Start Transient 0.110 0.685 4.457 4.107 567.17 0.046 0.067 0.3701
GTATTCEQ54 3/10/2006 Hot-Start Transient 0.150 0.682 4.476 4.097 565.49 0.084 0.067 0.3706
GTATTCEQ55 3/10/2006 Hot-Start Transient 0.135 0.684 4.581 4.168 562.14 0.076 0.067 0.3713
GTATTCEQ56 3/10/2006 Hot-Start Transient 0.135 0.669 4.568 4.158 565.86 0.074 0.071 0.3703
9-Test Average 0.129 0.684 4.512 4.131 569.89 0.065 0.069 0.3712
Standard Deviation 0.011 0.010 0.041 0.024 5.474 0.012 0.002 0.0009
95% Confidence Level 0.007 0.007 0.027 0.015 3.576 0.008 0.001 0.0006
Data outlier treatment 3/9/2006 GTATTCEQ48 -0.605 1.619 -0.436 0.695 0.175 -0.576 -0.402 0.400
in accordance with ASTM E178-02 3/9/2006 GTATTCEQ49 -0.869 -0.077 0.423 0.019 0.963 -1.070 1.407 0.284
which specifies for a sample of nine 3/9/2006 GTATTCEQ50 0.098 0.023 -0.412 -0.193 1.772 -0.165 -0.402 0.284
at the 5% significance level value must 3/9/2006 GTATTCEQ51 -0.166 1.225 -0.166 -0.066 0.669 -0.247 0.201 -0.413
be less than +2.110 for any individual 3/9/2006 GTATTCEQ52 0.273 -1.279 -0.264 -0.785 -0.126 0.412 0.804 2.140
data point 3/9/2006 GTATTCEQS3 -1.659 0.123 -1.344 -0.996 -0.497 -1.564 -1.005 -1.225
3/10/2006 GTATTCEQ54 1.854 -0.177 -0.878 -1.419 -0.804 1.564 -1.005 -0.645
3/10/2006 GTATTCEQ55 0.537 0.023 1.698 1.583 -1.416 0.906 -1.005 0.168
3/10/2006 GTATTCEQ56 0.537 -1.479 1.379 1.160 -0.736 0.741 1.407 -0.993



Table 2
Comparison of the Averages of the Reference Fuel to the Candidate Fuel with B20 and Viscon
Hot-Start EPA Transient Cycle Emission Test Results
Cummins M-11 400E Engine Data
Conducted at Olson-Ecologic Labs February and March 2006
For GTAT California

Reference Fuel - Initial Tests |

grams/bhp-hr Ib/bhp-hr
HC co NOx NO co2 NMHC PM BSFC

6-Test Average 0.133 0.678 4.243 3.936 561.97 0.086 0.059 0.3672

Official Tests Using GTAT B20 Blend w/ Viscon in Candidate Fuel |

grams/bhp-hr Ib/bhp-hr
HC co NOx NO Cco2 NMHC PM BSFC

9-Test Average 0.111 0.586 4.749 4.377 572.81 0.068 0.059 0.3815

% Difference When Comparing the Reference Fuel to the GTAT B20 Blend with Viscon in Candidate Fuel |

Reference Fuel vs. Candidate
Fuel w/ B20 and Viscon -16.5% -13.6% 11.9% 11.2% 1.9% -20.9% 0.0% 3.9%



Table 3

Estimated Effect of Viscon Only in Candidate Fuel
Hot-Start EPA Transient Cycle Emission Test Results
Cummins M-11 400E Engine Data

Conducted at Olson-Ecologic Labs February and March 2006

For GTAT California

Reference And Candidate Fuel (No Biodiesel)

SET1 = s grams/bhp-hr -=----eceemmmmeeeeeeeeeon Ib/bhp-hr
HC co NOXx NO co2 NMHC PM BSFC
Average of Initial Reference Fuel Tests #4-10 0.133 0.678 4.243 3.936 561.97 0.086 0.059 0.3672
Average of Candidate Fuel (only) Tests #12-14 0.132 0.771 4.816 4.465 577.68 0.080 0.076 0.3724
Percent Changes -0.8% 13.7% 13.5% 13.4% 2.8% -7.0% 28.8% 1.4%
Reference and Candidate Fuel With Viscon (No Biodiesel)

SET2 W s grams/bhp-hr -=----eceeemmmeeoeeeeeeeon Ib/bhp-hr
HC co NOX NO co2 NMHC PM BSFC
Average of Final Reference Fuel Tests #42-47 0.130 0.700 4.349 3.986 563.18 0.073 0.065 0.3682
Average of Candidate Fuel w/ Viscon (only) Tests #48-56 0.129 0.684 4512 4131  569.89 0.065 0.069 0.3712
Percent Changes -0.8% -2.3% 3.7% 3.6% 1.2% -11.0% 6.2% 0.8%

Emission Reductions Estimated Attributable to Viscon Only in Candidate Fuel
------------------------------ grams/bhp-hr -----sesmmmmm e Ib/bhp-hr
HC co NOX NO co2 NMHC PM BSFC
Percent changes with candidate fuel only (Set 1) -0.8% 13.7% 13.5% 13.4% 2.8% -7.0% 28.8% 1.4%
Percent changes with Viscon treated candidate fuel only (Set 2) -0.8% -2.3% 3.7% 3.6% 1.2% -11.0% 6.2% 0.8%
Estimate of emission changes with Viscon only 0.0%  -16.0% -9.8% -9.8% -1.6% -4.0% -22.7% -0.6%



Table 4

TXLED Alternative Diesel Fuel Formulation Test Data Comparison Calculations

GTAT California
2000 Cummins Model M-11 400 hp Test Engine
Olson-Ecologic Engine Testing Laboratory
All Emission Data are in gms/bhp-hr

Average emissions during testing

with the treated candidate fuel Untreated Candidate Fuel HD Engine Emission
Average Average Percent Change Standard Percent of Standard
NOx 4.749 4.816 1.4% 4.0 119%
THC 0.111 0.132 15.9% 13 9%
NMHC 0.068 0.080 15.0%
PM 0.059 0.076 22.4% 0.10 59%

Average emissions during testing

with the reference fuel Untreated Candidate Fuel HD Engine Emission
Average Average Percent Change Standard Percent of Standard
NOx 4.243 4.816 11.9% 4.0 106%
THC 0.133 0.132 -0.8% 13 10%
NMHC 0.086 0.080 -7.5%
PM 0.059 0.076 22.4% 0.10 59%

Pooled Standard Deviation:
NOx 0.263780988
THC 0.014156607
NMHC 0.012005158
PM 0.002016598

Number of Tests of candidate and reference fuels: 15

Comparison Results NOx THC NMHC PM
Candidate Fuel Average- as tested 4.749 0.111 0.068 0.059
Reference Fuel Average - as tested 4.243 0.133 0.086 0.059
Tolerance Level 0.0424 0.0027 0.0017 0.0012
Pooled Standard Deviation 0.2638 0.0142 0.0120 0.0020
Sqrt of 2/n 0.3651 0.3651 0.3651 0.3651
t(a,2n-2) 1.0560 1.0560 1.0560 1.0560
Reference Fuel Average - as calculated 4.184 0.130 0.083 0.059
Percent Difference from Reference Fuel -13.5% 14.6% 18.1% 0.0%

*negative value = greater emissions



©

APPENDIX

Table of Contents

ISO 9001:2000 Certificate

CARB List of Recognized Labs and CARB Letter of Approval
Test Engine Report and Specifications
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Engine MAPS

Individual Test Results
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ISO 9001:2000 Registered

1370 South Acacia Avenue, Fullerton, California 92831
Tel (714) 774-3385  Fax (714) 774-4036
www.ecologiclabs.com
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(Page 1 of 3)

INDEPENDENT LABORATORIES EQUIPPED TO CONDUCT EXHAUST/EVAPORATIVE EMISSIONS TESTS

While the California Air Resources Board (ARB) does not currently approve laboratories for compliance testing, certain independent

" commercial laboratories have become accepted, based on information submitted to the ARB, as being properly equipped to perform
specialized tests, in accordance with applicable Federal and California test procedures. Their equipment is similar or equivalent to that
used at the Haagen-Smit Laboratory. However, these private laboratories are neither inspected nor supervised by the ARB to determine
if candidate devices for Vehicle Code (VC) Section 27156 exemption are tested in strict adherence to ARB’s test letter and relevant test
procedures. For this reason, ARB relies on confirmatory tests conducted at its Haagen-Smit Laboratory for a final determination of the

emission performance of add-on devices. Listed below are several such commercial laboratories.

Laboratory Natne Location Address Contact Personnel Telephone Special Testing Comments
Capabilities

Arizona

Automnotive Testing 263 S. Mulberry Street Mr. Dennis McClement (480) 649-7906 Enhance Evap. Emission test

Laboratory, Inc. Mesa, AZ 85202 SFTP-US06, AC2 (alternative)

California

Automobile Club of
Southern California —
Automotive Research
Center

1577 S. Valley Vista Dr.
Diamond Bar, CA
91765

Mr. Steve Mazor

(909) 612-2560

SFTP - US06, AC2 (alternative)

Automotive Testing &
Development Services,
Inc. (ATDS)

400 S. Etiwanda Avenue
Ontario, CA 91761

Mr. Linwood Farmer

(909) 390-1100

SFTP-UsG6, Enhanced Evap.
Emission test, Diesel vehicle
test, Motorcycle test

California Analytical
Instrument Corp. (CAI)

1238 West Grove Ave
Orange, CA 92665

Mr. Pete Furton

(714) 974-5560

* Enhanced Evap. Emission test

California Environmental

3231 S. Birch Street

Mr. Joe Jones

(714) 545-9822

Diesel vehicles, motorcycles, &

Engine Dyno 13-Mode
Steady-State test is

Engineering (CEE) Santa Ana, CA 92707 CNG/LPG vehicles, Enhanced
Evap., SORE emission test available, if required
Center for Environmental | University of California, | Mr. Dave Martis (909) 781-5737 SFTP — US06, AC2 (alternative)
Research & Technology Riverside
(CE-CERT) 1084 Columbia Ave
Riverside, CA 92507 -
Olson-Ecologic Engine 1370 South Acacia Ave Mr. Donel R. Olson (714) 774-3385 Heavy-duty diesel engine Engine Dyno 13-Mode

Testing Laboratories,
LLC.

Fullerton, CA 92831

transient test, SORE emission
test, CVS-75 FIP on
LDVs/MDVs & motorcycles
(including CNG/LPG vehicles)

Steady-State test is
available, if required .

Edelbrock Corporation — 2700 California Street Mr. Jack Mayberry (310) 781-2222
Emissions Laboratory P.O. Box 2936
Torrance, CA 90503
Mercedes-Benz Service 4035 Via Oro Avenue SFTP-US06

Corporation - Los

Long Beach, CA 90803

Mr. Kenneth Griggs

. (310) 549-7600

Angeles Technology

Center

Northemn Calif. 2748 Jefferson Street Mr. Mike Spencer-Smith | (707) 258-1753 Motorcycle test

Diagnostic Lab., Inc. Napa, CA 94558

Quantumn Technologies 25242 Arctic Ocean Dr. Mr. David Carson (949) 930-3476 SFTP-US06, AC2 (alternative)
Emissions Laboratory Lake Forest, CA 92630 Dcarson@qtww.com ’

University of California 1200 Columbia Ave Mr. Dave Martis (909) 781-5737 | Diesel vehicle test

Riverside Veh. Emissions
Research Lab

Riverside, CA 92507

Colorado

Colorado Inst. For Fuet &
High Altitude Eng.
Research — Colorado
School of Mines

1500 Illinois Street
Golden, CO 80401-1887

Mr. Michael S. Graboski

(303)273-3973

Heavy-duty Engine Dyno test
Diesel vehicle test

Environmental Testing
Comp

1859 Jasper Street
Aurora, CO 80011

Mr. Bob Begue

(303) 344-5470

Diesel vehicle test

National Center for Veh.
Emissions Control &
Safety-Dept of Industrial
Sciences

Colorado State
University
Fort Collins, CO 80523

Ms. Birgit H. Wolff

(303) 451-7240




INDEPENDENT LABORATORY LIST

[Updated 4/12/05] (Page 2 of 3)
Laboratory Name Location Address Contact Personnel Telephone Special Testing Comments
Capabilities
1llinois

Auto Research Labora-
tories, Inc.

400 E. Sibley Blvd
Harvey, IL 60426

Dr. Fred Voelz

(708) 210-3596

Diesel vehicle test

Maryland

Environmental Research | 9607 Dr. Perry Road Mr. Peter W. Lissiuk (301) 607-4416
& Development Corp. Ijamsville, MD 21754

Michigan

Mercedes-Benz Service
Corp. — Ann Arbor
Emission Laboratory

3953 Research Park Dr
Ann Arbor, M1 48108

Mr. Mike Christianson

(734) 995-3066

Diesel vehicle test; Direct

NMOG measurement; SFTP-

US06, SCO3

Lotus Engineering, Inc.

P.O. Box 7209
Ann Arbor, M1 48107-
7209

Mr. Donald Apple

(313) 995-2544

Motorcycle emissions test
Diesel vehicle test

Motorola AIEG

15201 Mercantile Drive
Dearbomn, MI 48120

Mr. Rick Brailean

(313) 441-5544

SFTP - US06

Gasoline powered light-
duty & medium-duty
vehicles only

Roush Laboratories

12249 Levan Road
Livonia, MI 48150

Mr. John Thomson

(734) 779-7874

Heavy-duty Engine Dyno
test; SFTP — US06, AC2
(alternative)

Roush Laboratories

36630 Commerce
Livonia, MI 48150

Mr. Dennis Com

(734) 779-7602

Diesel vehicle test

Siemens Automotive

P.O. Box 217017

Mr. Richard Krug

(313) 2532757

AP. Auburn Hills, MI 48321-

7017
Delphi E & C 1601 N. Averill Ave Mr. Douglas Linden (918) 266-4905 Bench aging for catalytic May age catalysts for

Flint, MI 48556 converters customers as a non-supplier
Unicore 2347 Commercial Drive Davion Clark 248-340-1040 Bench aging for catalytic May age catalysts for

Auburn Hills, MI 48326 converters customers as a non-supplier
McLaren Performance 32233 West Eight Mile Eric Klos (248) 477-6240 Bench aging for catalytic Bench aging only, not a
Technologies Rd, Livonia, M1 48152 converters catalyst supplier
New Jersey
Compliance & Research | 2 Garfield Street Mr. Robert DePalma (908) 925-5533 (1) Motorcycle emissions
Services, Inc. Linden, NJ 07036 test

(2) Bench aging for
catalytic converters

New York
Vehicle & Engine 15-17 Trade Zone Mr. Peter DiBernardi (631) 588-9777
Emissions Testing Drive, Ronkonkoma, NY Fax: 631-588-
Services 11779 8369
Ohio

Transportation Research
Center, Inc.

P.O. Box B-67
10820 State Route 347
East Liberty, OH 43319

Mr. Douglas Fisher

(937) 666-2011

Steady-state off-road engine

testing.

Oklahoma

National institute for P.O. Box 2128 Mr. Dan Gumey (918) 337-4379
Fuel & Energy Research | Bartlesville, OK 74005

Pennsylvaria

Air Testing Services,
Inc.

200 W. 5% Street
Lansdale, PA 19446

Mr. Robert R. Marino

(215) 362-1194

Diesel vehicle test

Johnson Matthey

436 Devon Park Drive
Wayne, PA 19087-1816

Mr. Jeff Rieck

(610) 341-8367

Bench aging for catalytic
converters

Texas

Automotive Research,
Inc.

5404 Bandera Road
San Antonio, TX 78238

Mr. John Rivenburg

(512) 684-2310

Diesel vehicle test

Natural Gas Veh.
Technology Center

6111 Hwy 290 East
Austin, TX 78723

Mr. Calvin J. Mock

(512)452-1776

CNG/LPG vehicle test

Southwest Research
Institute

6220 Culebra Road
San Antonio, TX 78228-
5166

Mr. Terry Ullman

Mr. Martin Heimrith

(210) 522-2654

(210) 522-3022

Heavy-duty Engine Dyno test

Diesel vehicle test
Bench-aging for catalytic
converters




INDEPENDENT LABORATORY LIST

[Updated 4/12/05]

(Page 3 0f 3)

Laboratory Name

Location Address

Contact Personnel

Telephone

Special Testing
Capabilities

Comments

Texas (cont’d)

Texas Environmental
Technologies

3453 East Vickery
Forth Worth, TX 76105

Mr. Michael G. Johnson

(817) 534-4275

Motorcycle emissions test

Wallace Environ.
Testing Laboratories,
Inc. ;

2140 Wirtcrest
Houston, TX 78228-
0510

Mr. Les Weaver

(713) 956-7705

Virginia

Electromotive, Inc.

14004-J Willard Road
Chantilly, VA 22021

Mr. Alexander Long, III

(703) 378-2444

Evaporative test not
available

Canada

Ortech International

2395 Speakman Drive
Mississauga, Ontario,
Canada LSK 1B3

Mr. Mehboob Sumar

(416) 822-4111
Ext 654

Heavy-duty Engine Dyno test

Diesel vehicle test




\(\ Air Resources Board

Robert F. Sawyer, Ph.D., Chair

Alan C. Lioyd, Ph.D. 1001 ) Street - P.0. Box 2815 Amold Schwarzenegger
Agency Secretary Sacramento, California 95812 - www.arb.ca.gov Govemor

January 24, 2006

Donal Olson, President

Qlson-Ecologic Engine Testing Laboratories, LLC .
1370 South Acacia Avenue

Fullerton, California 92831

Dear Mr. Olson:

The Air Resources Board (ARB) staff have received from QOlson-Ecologic Engine
Testing Laboratories, LLC (Olson Laboratories) a Quality Assurance/Quality Control
(QA/QC) plan for conducting transient testing of heavy-duty diesel engines over the
Federal Transient Procedure (FTP). The QA/QC plan was submitted in support of an
applicant's request for verification under ARB In-Use Strategies Diesel Retrofit Program.

The QA/QC plan also includes the standard operating procedures (SOP) for criteria
pollutant emissions testing and the QA/QC operations of the laboratory that have been
modified to respond to ARB staff's concerns. We have reviewed Olson Laboratories
revised QA/QC plan and have determined that the plan is suitable for transient testing of
- heavy-duty diesel engines over the FTP. However, as part of our evaluation to review

- Qtson Laboratories QA/QC practices, we plan to conduct an onsite audit, once the tests
have begun. Please note that no testing is to begjn until the applicant for
verification has obtained written approval te proceed with testing from ARB staff.

Also note that acceptance of the QA/QC plan as described above, does not include
other types of testing such as for toxic air contaminants. We understand that

Olson Laboratories is currently developing the SOPs for toxics testing and a
corresponding QA/QC plan. Once completed, Olson Laboratories will submit the toxics
testing SOPs and QA/QC pian for ARB review.

The energy c_hallange facing California Is real. Every Californian needs to take immediatea action fo reduce anergy consumption.
For a fist of simpfe ways you can reduce demarnd and cut your energy costs, see our websifo: hitp./fwww.arh,ca.qov.

Cailifornia Envi'rom_nental Protection Agency

Printed on Recycled Paper



Donal Qlson, President

Janyary 24, 2006
Page 2

If you have any questions, please contact me at (916) 322-6020 or Mr. Gary M. Yee,
Manager, Industrial Section, at (916) 327-5986.

Sincerely,

. = '
Dean C. Simeroth, Chief
Criteria Pollutants Branch

cc:  Mr. Gary M Yee, Manager
Industrial Section

Mr. Michael J. Porter |

- GTAT California
3121 Standard Street
Bakersfield, California 93308



Material retu

Engines Enwronment

G e
- knsinment Campany

C W I - Fresno Branch

Equipment

rned for credit or exchange must show this invoice

number. All material returned for credit subject to 15% handling
charge. No return on electrical components.

INVOICE NO

5333 N. Cornelia Ave REPRINT
Fresno, CA 93722-6403 002-49844
(559) 274-4400
P.O. Box 44416
San Francisco, CA 94144
SOLD TO SHIP TO
Cwi Bakersfield Br 6 Olsen Ecologic
4601 E. Brundage Lane 1370 S. Acacia Ave PAGE 1 OF f1
Bakersfield, CA 93307-2311 Fullerton, CA 92831 *** ON ACCOUNT CHARGE ***
IB
DATE CUSTOMER ORDER NO. DATE IN SERVICE ENGINE MODEL PUMP NO. EQUIPMENT MAKE
28-OCT-2005 104317
CUSTOMER NO. SHIP VIA FAIL DATE ENGINE SERIAL NO. CPL NO. EQUIPMENT MODEL
6 FEDERAL EXPRESS
REF.NO. : SALESPERSON PARTS DISP. MILEAGE/HOURS PUMP CODE UNIT NO.
OE-100-126008 1176

1 1 DR1715RX ENG, ISM 400@2100
REF #123655 LINE #1
1 1 DR1252D ENGINE, M11 CELECT
REF #123655 LINE #1
SN# 60412072

DRC

CLEAN

ALL INVOICES DUE AND PAYABLE TO: P.O. BOX 44416, SAN FRANCISCO, CA 94144

T.I.N. 94-3147123

TERMS: Net 10th of the month following invoice date, unless otherwise specified. A SERVICE
CHARGE OF 1 1/2% PER MONTH(EFFECTIVE RATE OF 18% PER ANNUM) WILL BE
CHARGED ON PAST DUE ACCOUNTS. Please contact CWI Shipping Branch for any questions
regarding this invoice. WARRANTY: The liability of CWI is limited to the obligations provided in
the warranty provisions which are set forth on the reverse side hereof.

RECEIVED BY X



INSPECTORATE

B 8. Main St., Suite 703

CERTIFICATE OF ANALYSIS

7" Cmrson, CA. 90745
' JOB NO. 116369
LAB NO. LACO5-16099
VESSEL | SAMPLING & ANALYSIS REPORT DATE lT2.-"I2f05
PRODUCT ULTRA LOW SULFUR DIESEL
TERMINAL/PORT OLSSON - ECOLOGIC
SAMPLE FROM DRUMS DATE SAMPLED ’10-19—05
SAMPLE SUBMITTED BY INSPECTORATE
ANALY SIS PERFORMED BY INSPECTORATE
CLIENT(S) REF. N/S
TEST L MO HE R RE TR RESULTS
GRAVITY, AP ey 386
VISCOSITY AT 40 DEG C CST Li-4an 2 44
SULFUR, PPM & a3 3
FLASH DEG C/DEG F PMCC P-93 71.1/160.0
CLOUD POINT DEG C 0-3500 7
SEDIMENT & WATER VOL. % 0 365 <0.025
COPPER STRIP CORROSION 3 HRS. @ 50 DEG C 0130 o
AROMATICS, SFC, WT. %/NOL. % b o366 8.2/8.8"
PNA IN DIESEL, WT. % 05185 06
CETANE INDEX 13 4737 4g9 7
CETANE NUMBER D813 1 0°
MCRT, WT. % 10 % BOTTOMS 14530 0.1
RAMSBOTTOM CARBON RES. WT. % 10 % BOTTOMS (552 CALS <01
TOTAL NITROGEN, PPM 01520 ¥
ASH, WT. % 038z <0.001
LUBRICITY, UM 6079 498
DISTILLATION DEG F 0.5 IBP 340.4
10% 410.3
50% 477.6
80% 5771
95%, 607.5
FBP £536.3
YRES. 0.6
LOSS 0.4
*ANALYSIS REFLECTS AN AVERAGE OF 3 RUNS.
e .
‘“_/,_ ,_A/,Z_J
5l CERTIFICATE SUPERCEDES ONE ISSUED PREVIOUSLY ,/// £
Q-ANA "
A-ANAL // L“ LB, 6/ 3 -

REV #3 - Y it A,
INSPECFORATE
#



24428 8. Maln St, Sulte 703

e el P el

CERTIFICATE OF ANALYSIS

Canon, CA. 80745 o
JOB NO. 116389
LAB NC. LACO5-1680904
VESSEL SAMPLING & ANALYSIS REPORT DATE [10-20-05
PRODUCT ULTRA LOW SULFUR DIESEL }
TERMINAL/PORT oLsson-ecotoslc T T ¥
SAMPLE FROM DRUMS [patesamvPED 101805 |
SAMPLE SUBMITTED BY INSPECTORATE Tl
ANALYS|S PERFORMED BY | INSPECTORATE i
! CLIENT(S) REF. | s 3
e - — - — S
i TEST || P RESULTS '
I SULFUR. PRM | bsess IRUN#1. 3 N
' (RUN %2: 3
, TRUN #3: 3 _‘|
AVG 3 I
AROMATICS, SFC, WT. %A/OL. % Bss RUN #1- 8.2/8.9 |'
! : RUN #2: 8.2/6.8 :
! ' RUN #3: B.2/6.8 ]
| | AVG . B8.2/B.8 :
; i
PNAIN DIESEL, SFC WT. % ' £-5132 RUN #1: 0.6 :
! ! RUN #2: 0.6
‘ RUN #3; 06
i JAVG.: 0.8 "
CETANE NUMBER ) ftts RN #1: 510 I
J RN 2 210
| | IRUN #3- 51.0
. | AVG.: 510
|/
|ﬂ TOTAL NITROGEN, PPM R RUN #1: 3
v i {RUN £2: 2
' S 3 |
!AVG.: 3 |
i
1 i
| Lo AN
Q-ANAL ,g///
REV #3 - a4

INS/EE’CT(JRATE



B L R T L TRt

- $4426 8. Main St., Suite 703

1 CERTIFICATE OF ANALYSIS

Carson, CA. 50745
[ Jos No| 116369 !
| LAB NO, | LACO5-16007 |
VESSEL SAMPLING & ANALYSIS REPORT DATE  |12M1206 |
B I e e F R
PRODUCT LOW SULFUR DIESEL :
- e

TERMINAL/PORT
SAMPLE FROM

OLSSON - FECOLOGIC

DRUMS

[pavesaveiep |otgos |

SAMPLE SUBMITTED BY fl INSPECTORATE
T

ANALYSIS PERFORMEL BY L INSPECTORATE
G =

CLIENT(S) REF IS
I TEST I [ RESULTS !
" GRAVITY, API o ’ b2et ““l Ny
VISCOSITY AT 40 DEG C OST | Dses ; 249 ;
SULFUR. PPM [ o | 266" I!
FLASH DEG C/DEG F PMCC LY 71.1/160.0
CLOUD POINT DEG C 8 za00 A7 ]
SEDIMENT & WATER VOL. % I orrea <0.025
COPPRER STRIF CORROSION 3 HRS. @ 50 DEG C o130 1A
AROMATICS, SFC, WT. %/AV/OL, % D518 34 2:32 6~
PNAIN DIESEL, WT. %4 5186 12 5*
| CETANE INDEX 24737 40.0 |
| CETANE NUMBER 03 39.7* |
| MCRT WT. % 10 % BOTTOMS D3 0.1 "
' RAMSBOTTOM CARBON RES. WT. % 10 % BOTTOMS C-£26 CALC 0.1 :
TOTAL NITROGEN, PEM 06z 199 !
ASH O WT. % IaEe <0001
LUBRICITY, UM D£273 249
CISTILLATION DEG F a2 \BP 3417 :
10% 413.5 i
50% 4308 |
50% 806 4 ‘
35% 630 8 ;
FBP 652.9 -
YRES, 14
%l (IS5 0y L
|
| "ANALYSIS REFLECTS AN AVERAGE CF 2 RUNS , )
J :
., .n
t i I f | » v, / J
M CERTIFICATE SUPERGEDES ONE ISSUED PREVIOLSLY 4 ”/ /[
Q-ANAL e ;//’L P
REV #3 - R gt .
INEFECTORATE



INSPECTORATE
A28 S, Main. St,, Sujte 703

| CERTIFICATE CF ANALYSIS

PRODUCT

LOW SULFUR DIESEL

Carson, CA. 90745 s
JOB NO. | 116369
|
LaBNG.|  LACD5-16097A j{'
I—\.«‘ESSEL SAMPLING & ANALYSIS 1F-"IEF"OFQ'l" CATE 16-2005

TERMINAL/PORT

OLSSON - ECOLOGC

r! DATE SAMPLED | 10-19-05

SAMPLE FROM ORUMS
SAMPLE SUBMITTED BY INSPECTORATE
ANALYSIS PERFORMED BY | INSPECTORATE
CILIENT(S} REF, NIS ‘
TEST I | RESULTS :_.l
SULFUR, PPM . neasi |RUN#1 T ge __I
IRUN #2- 266 :
RUN #5- 267
AVG.: 266 _|
|
AROMATICS, SEC. WT. %AOL. % Gtan IRUN #1: 34.2:32.5 |
RUN #2: 34.2/32.7 |
RUN #3: 34.2/32.6 i
AVE.; 34.2/52.6
PNAIN DIESEL, SFC, WT. % C-s1as RUN #1: 12.5 |
TRUN #2: 128 ﬂ
' RUN #3: 12,5
AVG . 125 '
' |
CETANE NUMBER 3473 IRUN #1: 38.7 !
RLN #2: 36,7
| IRUN &4 197 ;
l ‘AVG.' 30.7 |
TOTAL NITROGEN, PPM D 4633 THUN &1 195
|RUN #2: 201
IRUN %3, 198 ,
AVG - 193
| J S

M
C-ANAL
REV #3 -

: = -/.. T
& ,4;//
A o

~INSHECTORATE
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PRECISION PETROLEUM LABS, INC.

5915 Star Lane Houston, TX, 77057
Ph. 713-680-9425 Fax: 713-680-9564

CERTIFICATE OF ANALYSIS
COMPANY: BIOENERGY OF COLORADO
INVOICE No,: 28261
LAB REFERENCE No.: 2005-11-254
PRODUCT ID: ASTM6751 FOR BIOFUEL BROKERS 11-07-2003
DATE RECEIVED:; 11-08-2005
AUTHORIZED BY: MONTE MALONE
TEST ASTM D-6751
PARAMETER METHOD RESULTS SPECIFICATION
Flash point, °C D63 184 130 MIN
Water and seditnent, Vol%s Da2709 < 0,05 0,05 MAX
Carbon residue, Wit D-4530 < 0.0] .05 MAX
Sulfated ash, W% D-874 < 0.01 0.02 MAX
Viscosity, 40°C, CST D.445 393 1.9-6.0
Sulfur, Wt% 1D-5433 0.0072 (1.05 MAX
Cetane D613 8 () 47 MIN
Cloud point, °C D-2500 4.4 REPORT
Copper corrosion D-130 1A NO 3 MAX
Acid number, mg KOH/gm D-664 042 (.80 MAX
Free glycerin, W% D-6584 < .01 0.02 MAX
Total glycerin, W1% D-5584 0.14 0.24 MAX
Phosphorous, PPM D-4951] 9.195 I0MAX
DISTILLATION, °F D-g5
90% Recovery @ 352 3E0°C MAX
______ """“'--1.__‘__“ T e e N
e T g 1:‘“‘"\.,&
DANTEL ZABIHI T
LAB MANAGER

T " PRECISION PETROLEUM LaABS, INC.S RESPONSIBILITY FOR THE ABOVE ANAT VSIS,
OPINIONS OR INTERFRETATIONS I3 LIMITED 10 THE INVOICE AMOUNT.,
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Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQO4

Test Information Engine Information

Test ID GTATTCEQO4 Engine Manufacturer ~ Cummins
Date Wed, Feb 22, 2006 Engine Model M11 400E
Time 12:35 PM Engine Serial Number 60412072
Fuel Specification DIESEL

Test Comments: GTAT OFFICIAL BASE USING ULSF REF. FUEL TEST 01

Bag Emissions Concentrations Bag Background Concentrations

HC Bag Conc 4.961637 ppm HC Bag Ambient 3.308205 ppm
NOx Bag Conc 35.155014 ppm NOx Bag Ambient 0.151059 ppm
NO Bag Conc 26.475042 ppm NO Bag Ambient 0.141303 ppm
CO2 Bag Conc 0.486385 percent CO2 Bag Ambient 0.036991 percent
CO Bag Conc 10.515918 ppm CO Bag Ambient 1.529062 ppm
Methane Bag Conc 7.762276 ppm Methane Bag Ambient 5.846673 ppm

Integrated Concentrations Corrected for Background Dilution/Engine Air Data

HC Conc 4.487584 ppm Barometric Pressure  30.314849 inHg
NOx Conc 44.277624 ppm Relative Humidity 21.494237 percent
NO Conc 41.046107 ppm Engine Inlet Air Temp  80.171238 deg F
CO2 Conc 0.560259 percent Absoute Humidity 32.214690 gr/lb
CO Conc 10.785151 ppm

Mass Emissions Brake Specific Emissions

HC Mass 3.801163 grams HC 0.139320 g/bhp-hr
NOx Mass 115.349794 grams NOx 4.227797 g/bhp-hr
NO Mass 106.913404 grams NO 3.918587 g/bhp-hr
CO2 Mass 15457.212365 grams CcOo2 566.537314 g/bhp-hr
CO Mass 18.891305 grams CO 0.692404 g/bhp-hr
NMHC Mass 2.054138 grams NMHC 0.075288 g/bhp-hr

Sample Flow Data Correction Factors

Total Volume (Vmix)  53501.658531 scf NOx Humidity CF 0.900584 Kh
Dilution Flow 46147.525694 scf Dry to Wet CF 0.993479 Kw
Exhaust Flow 7354.132837 scf Dilution Factor 105.996735 df
Dilution (Total/Exhaust) 7.275047 ratio

Test Cycle Data Fuel Data

Hot-Cold Test 2.000000 1=Cold, 2=Hot Fuel Usage 4560.500000 grams
Test Time 1212.000000 sec BSFC 0.368506 Ib/bhp-hr
Total Work 27.283662 bhp-hr

Reference Work 27.832207 bhp-hr

Particulate 0.058 g/bhp-hr

Data processed on Tuesday, March 14, 2006 8:06 AM



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.990769

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000150
2.750247
0.000481
1.457189
n/a

n/a

n/a
-0.009130
2.727795
1.438638

CcOo2

n/a

n/a

n/a
-0.320367
-0.618367
-0.748400

CO ppm
1

100
91.00
45.30
1.000463

CO ppm
-0.050753
90.904236
-0.186346
44.707279
n/a

n/a

n/a
0.079809
91.044563
44734596

Cco
n/a
n/a
n/a
0.266155
0.027317
0.140327

Data processed on Tuesday, March 14, 2006 2:34 PM

GTATTCEQO04
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
1.015636 0.998813
NOx ppm NO ppm
-0.006433 0.008026
229.965485 230.251511
0.079818 0.064452
125.387642 126.264038
n/a n/a
n/a n/a
n/a n/a
0.176917 0.134606
229.761139 230.939026
125.216049 126.954277
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.038840 0.028062
-0.068637 0.276096
-0.081738 0.275006

HC ppm
1

1000
953.70
48.87
1.002948

HC ppm
0.044515
953.947266
-0.069350
44.321934
n/a

n/a

n/a
0.562683
949.345520
44.467144

HC

n/a

n/a

n/a
0.063203
0.014521
-0.460175

Methane ppm
1

10

9.31

5.06
1.000134

Methane ppm
0.000270
9.312865
-0.360486
4.695635
n/a

n/a

n/a
0.825235
9.790241
6.103164

Methane
n/a

n/a

n/a
11.857210
14.075290
4.773760



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQO4

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.980521 -0.088628  14.142861 0.985784
Speed (rpm) 0.991714 9.897105 17.730367 0.998432
Torque (Ib-ft) 0.975840 1.007377 58.269395 0.978395

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQO5

GTATTCEQO5

Wed, Feb 22, 2006

2:25 PM
DIESEL

LAS PALMAS TCEQ W/ULSF REF. FUEL

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

5.516990
35.347057
26.183846
0.482798
10.104566
5.323704

3.937318
44.947521
42.147122
0.555527
10.306209

3.299434
115.986731
108.758113
15321.268731
18.045383
2.267371

53505.431046
46205.364385
7300.066660

Dilution (Total/Exhaust) 7.329444

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
27.296902
27.837496

0.058

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:15 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 4.113096
NOx Bag Ambient 0.288040
NO Bag Ambient 0.129421
CO2 Bag Ambient 0.044283
CO Bag Ambient 1.597208

Methane Bag Ambient 4.139862

Dilution/Engine Air Data

Barometric Pressure  30.054723
Relative Humidity 22.831533
Engine Inlet Air Temp  73.997739
Absoute Humidity 28.105941

Brake Specific Emissions

HC 0.120872
NOx 4.249080
NO 3.984266
COo2 561.282328
CO 0.661078
NMHC 0.083063

Correction Factors

NOx Humidity CF 0.892016
Dry to Wet CF 0.994410
Dilution Factor 100.796514

Fuel Data
Fuel Usage 4549.500000
BSFC 0.367438

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.988207

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000293
2.749888
0.001486
1.458096
n/a

n/a

n/a
-0.002095
2.743202
1.451560

CcOo2

n/a

n/a

n/a
-0.119367
-0.217867
-0.222867

CO ppm
1

100
91.00
45.30
0.988684

CO ppm
0.047785
91.034622
-0.042175
44.694767
n/a

n/a

n/a
0.036190
90.938164
44.791225

Cco

n/a

n/a

n/a
0.078365
0.096458
-0.096458

Data processed on Tuesday, March 14, 2006 7:16 AM

GTATTCEQO5
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
1.001329 0.976774
NOx ppm NO ppm
0.000949 0.008123
230.058716 229.660812
0.080769 0.029099
125.003792 126.557961
n/a n/a
n/a n/a
n/a n/a
0.063085 0.030929
229.466873 230.737396
124.842857 127.268089
NOXx NO
n/a n/a
n/a n/a
n/a n/a
-0.007074 0.000732
-0.064374 0.284051
-0.236737 0.430634

HC ppm
1

1000
953.70
48.87
1.003033

HC ppm
-0.026455
954.224915
0.087327
44.733093
n/a

n/a

n/a
0.634452
952.549683
45.254993

HC

n/a

n/a

n/a
0.054712
0.052190
-0.167523

Methane ppm
1

10

9.31

5.06
0.980560

Methane ppm
-0.002172
9.309314
-0.316285
4776784
n/a

n/a

n/a
0.596997
9.718031
5.967546

Methane
n/a

n/a

n/a
9.132820
11.907620
4.087170



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQO5

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.981159 -0.140059  14.088104 0.985915
Speed (rpm) 0.991518 10.206771 17.783849  0.998423
Torque (Ib-ft) 0.976741 0.824656 58.097953 0.978562

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQO6

GTATTCEQO6

Wed, Feb 22, 2006

4:.01 PM
DIESEL

LAS PALMAS TCEQ W/ULSF REF. FUEL

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.955281
35.241451
25.826899
0.492781
9.736492
5.210644

4.227332
45.075362
41.401021
0.553213
10.510380

3.571971
116.007270
106.545081
15249.287144
18.450070
2.452927

53504.793605
46275.886185
7228.907420

Dilution (Total/Exhaust) 7.401505

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
27.300944
27.840596

0.056

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:17 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 3.451388
NOx Bag Ambient 0.156004
NO Bag Ambient 0.037016
CO2 Bag Ambient 0.050511
CO Bag Ambient 0.843339

Methane Bag Ambient 3.945820

Dilution/Engine Air Data

Barometric Pressure  30.055095
Relative Humidity 19.847257
Engine Inlet Air Temp  76.957441
Absoute Humidity 26.954254

Brake Specific Emissions

HC 0.130837
NOx 4.249204
NO 3.902615
COo2 558.562626
CO 0.675803
NMHC 0.089848

Correction Factors

NOx Humidity CF 0.889643
Dry to Wet CF 0.994671
Dilution Factor 96.883566

Fuel Data
Fuel Usage 4547.000000
BSFC 0.367182

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.992822

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000076
2.750165
0.000174
1.452760
n/a

n/a

n/a
0.004497
2.763157
1.464336

CcOo2

n/a

n/a

n/a
0.144100
0.385867
0.433067

CO ppm
1

100
91.00
45.30
0.989864

CO ppm
-0.042335
90.965042
-0.169576
44.694427
n/a

n/a

n/a
-0.084837
91.106277
44.623775

Cco

n/a

n/a

n/a
0.084739
-0.070652
0.141235

Data processed on Tuesday, March 14, 2006 7:17 AM

GTATTCEQO06
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
0.997857 0.980153
NOx ppm NO ppm
0.016437 0.024414
230.016205 229.778534
0.008303 0.028301
125.179611 126.169922
n/a n/a
n/a n/a
n/a n/a
0.059684 -0.020496
229.814865 228.346649
125.154922 125.535095
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.020552 -0.019519
-0.009876 -0.253931
-0.080536 -0.572754

HC ppm
1

1000
953.70
48.87
0.989112

HC ppm
0.001028
953.902649
-0.441481
44.258080
n/a

n/a

n/a
0.142495
955.831604
44.694756

HC
n/a
n/a
n/a
0.058398
0.043668
0.192895

Methane ppm
1

10

9.31

5.06
1.028001

Methane ppm
-0.012212
9.306895
-0.630028
4.495535
n/a

n/a

n/a
0.326520
9.671863
5.611918

Methane
n/a

n/a

n/a
9.565480
11.163830
3.649680



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQO6

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.981440 -0.158424  14.233116 0.985636
Speed (rpm) 0.991604 10.088434  17.794021 0.998421
Torque (Ib-ft) 0.976342 0.987441 58.163276  0.978500

All regression statistics are within tolerances.



Test Information

Test ID GTATTCEQO7
Date Wed, Feb 22, 2006
Time 5:48 PM

Fuel Specification DIESEL

Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQO7

LAS PALMAS TCEQ W/ULSF REF. FUEL

Bag Emissions Concentrations

HC Bag Conc 5.565615
NOx Bag Conc 35.849056
NO Bag Conc 26.361763
CO2 Bag Conc 0.487899
CO Bag Conc 10.211067
Methane Bag Conc 7.513618

Integrated Concentrations Corrected for

HC Conc 3.973278
NOx Conc 44.707500
NO Conc 41.281284
CO2 Conc 0.557980
CO Conc 10.442444
Mass Emissions

HC Mass 3.340646
NOx Mass 115.648765
NO Mass 106.770285
CO2 Mass 15389.996258
CO Mass 18.298306
NMHC Mass 1.867850

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

53498.205204
46283.950769
7214.254435

Dilution (Total/Exhaust) 7.415625

Test Cycle Data

Hot-Cold Test 2.000000
Test Time 1212.000000
Total Work 27.311498
Reference Work 27.838366
Particulate 0.059

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:18 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 3.787069
NOx Bag Ambient 0.335316
NO Bag Ambient 0.259347
CO2 Bag Ambient 0.042160
CO Bag Ambient 1.390888

Methane Bag Ambient 5.901130

Dilution/Engine Air Data

Barometric Pressure  30.055095
Relative Humidity 23.938140
Engine Inlet Air Temp  73.784845
Absoute Humidity 29.265863

Brake Specific Emissions

HC 0.122316
NOx 4.234435
NO 3.909353
COo2 563.498787
CO 0.669985
NMHC 0.068391

Correction Factors
NOx Humidity CF 0.894420
Dry to Wet CF 0.994147

Dilution Factor

Fuel Data
Fuel Usage
BSFC

99.151310

4545.000000
0.366879

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.991488

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000258
2.750106
-0.000451
1.454183
n/a

n/a

n/a
-0.002963
2.743778
1.448887

CcOo2

n/a

n/a

n/a
-0.083733
-0.176533
-0.210933

CO ppm
1

100
91.00
45.30
0.989987

CO ppm
-0.063103
90.886375
-0.112658
44.715172
n/a

n/a

n/a
0.001839
91.104637
44.653900

Cco

n/a

n/a

n/a
0.114497
-0.061272
0.218262

Data processed on Tuesday, March 14, 2006 7:19 AM

GTATTCEQO7
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
0.997422 0.984144
NOx ppm NO ppm
-0.008824 0.019166
230.061661 229.832779
-0.021080 0.066132
125.141190 126.251549
n/a n/a
n/a n/a
n/a n/a
0.264381 0.228468
230.336746 229.697449
125.507568 126.255409
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.114184 0.064934
0.146551 0.001544
0.110034 -0.054132

HC ppm
1

1000
953.70
48.87
0.996503

HC ppm
0.148846
953.778198
-0.099461
44.317608
n/a

n/a

n/a
0.917733
953.952820
44.905109

HC
n/a
n/a
n/a
0.101719
0.058750
0.017462

Methane ppm
1

10

9.31

5.06
0.979869

Methane ppm
-0.005778
9.304276
-0.369517
4552733
n/a

n/a

n/a
1.063449
9.893373
5.823769

Methane
n/a

n/a

n/a
14.329660
12.710360
5.890970



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQO7

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.982275 -0.169960  14.029723 0.986061
Speed (rpm) 0.991642 10.003869 17.800111 0.998420
Torque (Ib-ft) 0.977464 0.855381 57.983086 0.978676

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC

Test Information
Test ID

Date

Time

Fuel Specification
Test Comments:

Heavy Duty Transient Test Results
GTATTCEQOS8

GTATTCEQO8

Thu, Feb 23, 2006

8:45 AM
DIESEL

LAS PALMAS TCEQ W/ULSF REF. FUEL

Bag Emissions Concentrations

HC Bag Conc

NOx Bag Conc

NO Bag Conc

CO2 Bag Conc

CO Bag Conc
Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions
HC Mass

NOx Mass

NO Mass

CO2 Mass

CO Mass

NMHC Mass

Sample Flow Data
Total Volume (Vmix)
Dilution Flow

Exhaust Flow

Dilution (Total/Exhaust)

Test Cycle Data
Hot-Cold Test
Test Time

Total Work
Reference Work

Particulate

3.549613
36.492592
26.586418
0.496299
10.903249
6.008837

4.528148
45.311115
41.998230
0.565280
10.794111

3.884297
116.302202
107.795078
15589.601539
18.875558
2.190803

53506.401880
46214.093787
7292.308093
7.337375

2.000000
1212.000000
27.316455
27.844272

0.060

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:19 AM

Engine Information
Engine Manufacturer

Engine Model

Engine Serial Number

Bag Background Concentrations

HC Bag Ambient

NOx Bag Ambient

NO Bag Ambient

CO2 Bag Ambient

CO Bag Ambient
Methane Bag Ambient

Cummins
M11 400E
60412072

1.797705
0.089636
-0.013376
0.046018
2.110972
4.150804

Dilution/Engine Air Data

Barometric Pressure
Relative Humidity
Engine Inlet Air Temp
Absoute Humidity

30.054723
22.330852
72.111906
25.781096

Brake Specific Emissions

HC
NOx
NO
CcOo2
CcO
NMHC

Correction Factors
NOx Humidity CF

Dry to Wet CF

Dilution Factor

Fuel Data
Fuel Usage
BSFC

0.142196
4.257588
3.946159
570.703685
0.690996
0.080201

0.887239
0.994938
89.191966

4546.000000
0.366893

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.989686

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000403
2.749360
-0.001155
1.452932
n/a

n/a

n/a
-0.002889
2.745769
1.450744

CcOo2

n/a

n/a

n/a
-0.057800
-0.072933
-0.119700

CO ppm
1

100
91.00
45.30
1.001901

CO ppm
0.044063
90.951942
-0.231993
44.634872
n/a

n/a

n/a
-0.040609
91.004890
44.648987

Cco
n/a
n/a
n/a
0.191384
0.014115
0.052948

Data processed on Tuesday, March 14, 2006 7:20 AM

GTATTCEQOS8
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
1.008929 0.995807
NOx ppm NO ppm
-0.002170 -0.005339
229.977966 229.715256
-0.020690 0.019103
124.882462 126.010353
n/a n/a
n/a n/a
n/a n/a
0.173200 -0.023150
229.289169 228.650253
124.616295 125.741203
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.077556 -0.016901
-0.106467 -0.107660
-0.275519 -0.426001

HC ppm
1

1000
953.70
48.87
0.996365

HC ppm
-0.269905
953.214539
-0.175784
43.549606
n/a

n/a

n/a
-0.290406
960.348816
43.956009

HC

n/a

n/a

n/a
-0.011462
0.040640
0.713428

Methane ppm
1

10

9.31

5.06
0.937804

Methane ppm
-0.005551
9.306825
-0.580330
3.221208
n/a

n/a

n/a
-0.308260
9.428522
4.189088

Methane
n/a

n/a

n/a
2.720700
9.678800
1.216970



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQOS8

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.981085 -0.118410 14.167819 0.985758
Speed (rpm) 0.991606 10.076630 17.764736  0.998426
Torque (Ib-ft) 0.976671 1.104266 58.245682  0.978459

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC

Test Information
Test ID

Date

Time

Fuel Specification
Test Comments:

Heavy Duty Transient Test Results
GTATTCEQO09

GTATTCEQO9

Thu, Feb 23, 2006

10:00 AM
DIESEL

LAS PALMAS TCEQ W/ULSF REF. FUEL

Bag Emissions Concentrations

HC Bag Conc

NOx Bag Conc

NO Bag Conc

CO2 Bag Conc

CO Bag Conc
Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions
HC Mass

NOx Mass

NO Mass

CO2 Mass

CO Mass

NMHC Mass

Sample Flow Data
Total Volume (Vmix)
Dilution Flow

Exhaust Flow

Dilution (Total/Exhaust)

Test Cycle Data
Hot-Cold Test
Test Time

Total Work
Reference Work

Particulate

4.197604
36.287430
26.463772
0.481920
9.683741
4.612334

4.399676
45.409540
42.078713
0.559079
10.534747

3.753966
116.645279
108.083372
15426.452610
18.501541
2.509193

53502.331845
46206.635509
7295.696336
7.333410

2.000000
1212.000000
27.312427
27.847216

0.060

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:20 AM

Engine Information
Engine Manufacturer

Engine Model

Engine Serial Number

Bag Background Concentrations

HC Bag Ambient

NOx Bag Ambient

NO Bag Ambient

CO2 Bag Ambient

CO Bag Ambient
Methane Bag Ambient

Cummins
M11 400E
60412072

2.385926
0.139891
-0.030415
0.037257
0.765018
3.210203

Dilution/Engine Air Data

Barometric Pressure
Relative Humidity
Engine Inlet Air Temp
Absoute Humidity

30.055095
21.370200
73.803764
26.110772

Brake Specific Emissions

HC
NOx
NO
CcOo2
CcO
NMHC

Correction Factors
NOx Humidity CF

Dry to Wet CF

Dilution Factor

Fuel Data
Fuel Usage
BSFC

0.137445
4.270777
3.957297
564.814423
0.677404
0.091870

0.887920
0.994863
103.416725

4535.000000
0.366059

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.986674

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000091
2.750016
0.000928
1.455971
n/a

n/a

n/a
-0.006592
2.732296
1.439250

CcOo2

n/a

n/a

n/a
-0.250667
-0.557367
-0.590667

CO ppm
1

100
91.00
45.30
0.999725

CO ppm
-0.025806
90.993179
-0.250513
44.699032
n/a

n/a

n/a
-0.127335
91.086227
44.721466

Cco
n/a
n/a
n/a
0.123178
0.022434
0.093048

Data processed on Tuesday, March 14, 2006 7:21 AM

GTATTCEQO09
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
1.011751 0.996921
NOx ppm NO ppm
-0.006820 -0.000105
229.946838 229.563553
-0.004465 0.049984
125.014999 126.373192
n/a n/a
n/a n/a
n/a n/a
0.192707 -0.006265
229.477859 229.412491
124.927856 126.019806
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.078869 -0.022500
-0.034857 -0.141354
-0.187592 -0.060425

HC ppm
1

1000
953.70
48.87
1.003165

HC ppm
-0.151690
955.279480
-0.100952
44.009869
n/a

n/a

n/a
0.816611
971.564087
45.284306

HC
n/a
n/a
n/a
0.091756
0.127444
1.628461

Methane ppm
1

10

9.31

5.06
0.967001

Methane ppm
-0.007260
9.305509
-0.136759
3.571800
n/a

n/a

n/a
1.018143
9.882924
5.050621

Methane
n/a

n/a

n/a
11.549020
14.788210
5.774150



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQO09

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.981619 -0.188471  14.099377  0.985908
Speed (rpm) 0.991604 10.060766  17.753415 0.998428
Torque (Ib-ft) 0.977152 0.829544 57.938111 0.978703

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC

Test Information
Test ID

Date

Time

Fuel Specification
Test Comments:

Heavy Duty Transient Test Results
GTATTCEQ10

GTATTCEQ10

Thu, Feb 23, 2006

11:11 AM
DIESEL

LAS PALMAS TCEQ W/ULSF REF. FUEL

Bag Emissions Concentrations

HC Bag Conc

NOx Bag Conc

NO Bag Conc

CO2 Bag Conc

CO Bag Conc
Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions
HC Mass

NOx Mass

NO Mass

CO2 Mass

CO Mass

NMHC Mass

Sample Flow Data
Total Volume (Vmix)
Dilution Flow

Exhaust Flow

Dilution (Total/Exhaust)

Test Cycle Data
Hot-Cold Test
Test Time

Total Work
Reference Work

Particulate

3.940106
32.718624
24.139034
0.481805
9.080431
3.811434

4.127935
44.625302
41.573808
0.545197
10.441945

3.502257
114.621491
106.778743
15011.075902
18.321277
2.646604

53504.534031
46174.208144
7330.325887
7.299066

2.000000
1212.000000
27.296240
27.831877

0.060

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:22 AM

Engine Information
Engine Manufacturer

Engine Model

Engine Serial Number

Bag Background Concentrations

HC Bag Ambient

NOx Bag Ambient

NO Bag Ambient

CO2 Bag Ambient

CO Bag Ambient
Methane Bag Ambient

Cummins
M11 400E
60412072

2.890553
0.161350
-0.024186
0.064591
0.969026
2.824816

Dilution/Engine Air Data

Barometric Pressure
Relative Humidity
Engine Inlet Air Temp
Absoute Humidity

30.057053
19.885934
76.054131
26.199871

Brake Specific Emissions

HC
NOx
NO
CcOo2
CcO
NMHC

Correction Factors
NOx Humidity CF

Dry to Wet CF

Dilution Factor

Fuel Data
Fuel Usage
BSFC

0.128305
4.199168
3.911848
549.931994
0.671201
0.096959

0.888095
0.994843
91.811596

4543.000000
0.366922

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.988499

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000887
2.750196
-0.001342
1.453571
n/a

n/a

n/a
0.007193
2.775999
1.481134

CcOo2

n/a

n/a

n/a
0.284500
0.918767
0.860100

CO ppm
1

100
91.00
45.30
0.995218

CO ppm
0.047116
90.996437
0.072829
44.773193
n/a

n/a

n/a
0.053703
90.995087
44.877224

Cco

n/a

n/a

n/a
-0.019126
0.104031
-0.001350

Data processed on Tuesday, March 14, 2006 7:23 AM

GTATTCEQ10
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
1.012344 0.998556
NOx ppm NO ppm
0.017588 -0.009875
229.978485 229.604126
-0.023647 -0.018660
125.055397 126.284111
n/a n/a
n/a n/a
n/a n/a
-0.007019 -0.025654
229.594788 230.180969
124911858 126.897926
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.006651 -0.002798
-0.057416 0.245526
-0.153479 0.230737

HC ppm
1

1000
953.70
48.87
0.991223

HC ppm
-0.053622
953.112122
-0.073462
43.925121
n/a

n/a

n/a
0.190422
958.672363
44.498524

HC
n/a
n/a
n/a
0.026388
0.057340
0.556024

Methane ppm
1

10

9.31

5.06
0.915601

Methane ppm
-0.002292
9.311204
-0.231126
3.356823
n/a

n/a

n/a
0.285455
9.583626
4.584015

Methane
n/a

n/a

n/a
5.165810
12.271920
2.724220



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ10

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.981136 -0.105410 14.033288 0.986018
Speed (rpm) 0.990795 11.359394 18.386972 0.998311
Torque (Ib-ft) 0.976710 0.923996 57.830843 0.978751

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ11

GTATTCEQ11

Thu, Feb 23, 2006

2:35 PM
DIESEL

LAS PALMAS TCEQ W/ULSF REF. FUEL

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.611659
33.252800
24.934221
0.479998
10.498458
8.969228

4.533667
44.045469
41.436347
0.558821
10.281930

3.849275
114.450545
107.654735
15402.900531
17.980337
2.011784

53511.534030
46143.915068
7367.618962

Dilution (Total/Exhaust) 7.263070

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
27.305673
27.841798

0.062

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:26 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 3.127157
NOx Bag Ambient 0.200096
NO Bag Ambient 0.124677
CO2 Bag Ambient 0.053039
CO Bag Ambient 1.976398

Methane Bag Ambient 6.997016

Dilution/Engine Air Data

Barometric Pressure  30.215200
Relative Humidity 25.784326
Engine Inlet Air Temp  73.512216
Absoute Humidity 31.077942

Brake Specific Emissions

HC 0.140970
NOx 4.191457
NO 3.942578
COo2 564.091597
Co 0.658484
NMHC 0.073676

Correction Factors

NOx Humidity CF 0.898196
Dry to Wet CF 0.993737
Dilution Factor 89.644284

Fuel Data
Fuel Usage 4545.500000
BSFC 0.366997

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.988310

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000431
2.750447
0.002219
1.458171
n/a

n/a

n/a
0.004463
2.755099
1.462233

CcOo2

n/a

n/a

n/a
0.074800
0.135400
0.155067

CO ppm
1

100
91.00
45.30
0.995528

CO ppm
-0.012657
90.925179
-0.094711
44.788021
n/a

n/a

n/a
0.245034
91.055542
44.762741

Cco

n/a

n/a

n/a
0.339745
-0.025280
0.130363

Data processed on Tuesday, March 14, 2006 7:27 AM

GTATTCEQ11
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
1.015032 0.995241
NOx ppm NO ppm
0.002260 0.022854
230.006332 229.488510
0.104956 0.101966
124.905983 126.424644
n/a n/a
n/a n/a
n/a n/a
0.110275 0.137381
228.971222 232.312698
124.602547 128.068024
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.002128 0.014166
-0.121374 0.657352
-0.414044 1.129675

HC ppm
1

1000
953.70
48.87
0.991124

HC ppm
0.086857
953.233032
0.191156
44.638832
n/a

n/a

n/a
1.030506
946.133301
44.738274

HC

n/a

n/a

n/a
0.083935
0.009944
-0.709973

Methane ppm
1

10

9.31

5.06
1.026742

Methane ppm
0.003097
9.307606
-0.085983
3.902969
n/a

n/a

n/a
0.528034
8.648490
4.627775

Methane
n/a

n/a

n/a
6.140170
7.248060
-6.591160



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ11

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.981320 -0.121212  14.197468  0.985705
Speed (rpm) 0.991773 9.765074 17.775416  0.998425
Torque (Ib-ft) 0.976700 0.927617 58.128550 0.978543

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ12

GTATTCEQ12

Thu, Feb 23, 2006

4:28 PM
DIESEL

LAS PALMAS TCEQ CANDIDATE FUEL ONLY

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.223722
37.240208
26.740854
0.478303
11.982711
4.497667

4.425692
49.890271
46.385156
0.577405
12.101733

3.768390
130.841818
121.637620
15924.193242
21.182552
2.339703

53503.618915
46122.407803
7381.211112

Dilution (Total/Exhaust) 7.248623

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
27.362152
27.842639

0.074

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:27 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 2.595035
NOx Bag Ambient 0.093766
NO Bag Ambient 0.001596
CO2 Bag Ambient 0.043555
CO Bag Ambient 2.009880

Methane Bag Ambient 2.861531

Dilution/Engine Air Data

Barometric Pressure  30.215200
Relative Humidity 31.600022
Engine Inlet Air Temp  71.001219
Absoute Humidity 35.017072

Brake Specific Emissions

HC 0.137723
NOx 4.781854
NO 4.445470
COo2 581.978841
CO 0.774155
NMHC 0.085509

Correction Factors

NOx Humidity CF 0.906521
Dry to Wet CF 0.992845
Dilution Factor 95.065084

Fuel Data
Fuel Usage 4629.000000
BSFC 0.372968

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.989552

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000431
2.750412
-0.000120
1.453601
n/a

n/a

n/a
-0.000414
2.750482
1.452678

CcOo2

n/a

n/a

n/a
-0.009800
-0.030767
0.002333

CO ppm
1

100
91.00
45.30
0.996915

CO ppm
-0.052929
90.939568
-0.138038
44.627415
n/a

n/a

n/a
0.094302
90.917152
44.702793

Cco

n/a

n/a

n/a
0.232340
0.075378
-0.022416

Data processed on Tuesday, March 14, 2006 7:28 AM

GTATTCEQ12
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
1.001412 0.984223
NOx ppm NO ppm
0.014081 -0.014786
230.096115 230.214798
-0.051881 0.030829
125.264458 126.255714
n/a n/a
n/a n/a
n/a n/a
0.226311 0.045482
229.557922 228.695648
125.127235 126.072266
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.111277 0.005861
-0.054889 -0.073379
-0.215277 -0.607660

HC ppm
1

1000
953.70
48.87
0.995757

HC ppm
0.108110
953.225647
-0.264033
44.026035
n/a

n/a

n/a
0.461368
953.418335
44.372971

HC
n/a
n/a
n/a
0.072540
0.034694
0.019269

Methane ppm
1

10

9.31

5.06
0.957631

Methane ppm
-0.009160
9.300485
-0.436558
3.332717
n/a

n/a

n/a
0.517593
9.485028
4.127753

Methane
n/a

n/a

n/a
9.541510
7.950360
1.845430



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ12

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.984676 -0.271677  14.147849  0.985897
Speed (rpm) 0.991066 10.918760 18.167328 0.998352
Torque (Ib-ft) 0.981570 0.236660 58.319912 0.978611

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ13

GTATTCEQ13

Thu, Feb 23, 2006

5:55 PM
DIESEL

LAS PALMAS TCEQ CANDIDATE FUEL ONLY

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.917308
38.012802
27.308434
0.486634
12.180210
4.649911

4.107394
49.572419
45.902657
0.572704
12.103353

3.470829
130.580943
120.907212
15796.207539
21.182485
1.980400

53499.861602
46270.238823
7229.622779

Dilution (Total/Exhaust) 7.400090

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
27.358684
27.843174

0.075

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:28 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 3.264135
NOx Bag Ambient 0.144343
NO Bag Ambient 0.042044
CO2 Bag Ambient 0.042464
CO Bag Ambient 2.086225

Methane Bag Ambient 2.923625

Dilution/Engine Air Data

Barometric Pressure  30.215200
Relative Humidity 35.083559
Engine Inlet Air Temp  69.476551
Absoute Humidity 36.921392

Brake Specific Emissions

HC 0.126864
NOx 4.772925
NO 4.419336
COo2 577.374549
CO 0.774251
NMHC 0.072387

Correction Factors

NOx Humidity CF 0.910602
Dry to Wet CF 0.992415
Dilution Factor 98.035293

Fuel Data
Fuel Usage 4617.000000
BSFC 0.372048

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.987613

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000027
2.750252
-0.000217
1.453242
n/a

n/a

n/a
-0.002460
2.743536
1.448319

CcOo2

n/a

n/a

n/a
-0.074767
-0.164100
-0.223867

CO ppm
1

100
91.00
45.30
0.997972

CO ppm
0.054144
91.026047
-0.159564
44.625587
n/a

n/a

n/a
0.208708
91.377670
44.780075

Cco
n/a
n/a
n/a
0.368272
0.154488
0.351623

Data processed on Tuesday, March 14, 2006 7:29 AM

GTATTCEQ13
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
0.997161 0.978003
NOx ppm NO ppm
0.020570 0.006743
230.026550 229.952896
-0.010001 0.016663
124919670 126.550293
n/a n/a
n/a n/a
n/a n/a
0.176095 0.034303
228.889374 227.496338
125.186981 125.800644
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.074438 0.007056
0.106924 -0.299860
-0.454870 -0.982623

HC ppm
1

1000
953.70
48.87
0.999248

HC ppm
-0.105655
953.358032
0.108718
44.173695
n/a

n/a

n/a
1.029866
955.211670
44.708328

HC
n/a
n/a
n/a
0.092115
0.053463
0.185364

Methane ppm
1

10

9.31

5.06
1.014185

Methane ppm
-0.021084
9.298288
-0.181232
3.293347
n/a

n/a

n/a
0.447467
9.395423
3.967007

Methane
n/a

n/a

n/a
6.286990
6.736600
0.971350



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ13

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.984632 -0.268010  13.984594  0.986217
Speed (rpm) 0.991463 10.264140 17.800870 0.998419
Torque (Ib-ft) 0.982166 -0.016487  58.101839 0.978796

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ14

GTATTCEQ14

Thu, Feb 23, 2006

7:29 PM
DIESEL

LAS PALMAS TCEQ CANDIDATE FUEL ONLY

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.739747
39.761879
27.451492
0.486167
11.436085
4.991236

4.236072
51.631650
47.837851
0.569011
11.928308

3.588369
133.828230
123.981699
15694.070950
20.901495
2.246762

53508.871591
46260.906668
7247.964923

Dilution (Total/Exhaust) 7.382606

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
27.356773
27.836091

0.078

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:33 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 3.099043
NOx Bag Ambient 0.242690
NO Bag Ambient 0.043639
CO2 Bag Ambient 0.041376
CO Bag Ambient 1.651700

Methane Bag Ambient 3.461202

Dilution/Engine Air Data

Barometric Pressure  30.214777
Relative Humidity 40.641367
Engine Inlet Air Temp  59.316250
Absoute Humidity 29.969281

Brake Specific Emissions

HC 0.131169
NOx 4.891960
NO 4.532029
COo2 573.681373
CO 0.764034
NMHC 0.082128

Correction Factors

NOx Humidity CF 0.895898
Dry to Wet CF 0.993988
Dilution Factor 102.105570

Fuel Data
Fuel Usage 4619.000000
BSFC 0.372235

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.990085

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000307
2.750079
-0.001176
1.451590
n/a

n/a

n/a
-0.007796
2.731768
1.439584

CcOo2

n/a

n/a

n/a
-0.220667
-0.400200
-0.610367

CO ppm
1

100
91.00
45.30
0.995789

CO ppm
0.045380
90.921570
-0.183707
44.618614
n/a

n/a

n/a
0.011538
90.890640
44.605793

Cco

n/a

n/a

n/a
0.195245
-0.012821
-0.030930

Data processed on Tuesday, March 14, 2006 7:33 AM

GTATTCEQ14
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
0.995214 0.975965
NOx ppm NO ppm
-0.012212 0.031756
229.900253 229.859009
0.030812 0.022383
125.264015 126.423820
n/a n/a
n/a n/a
n/a n/a
0.260485 -0.032146
231.229034 228.766174
126.094513 125.969330
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.091869 -0.021812
0.332199 -0.181796
0.531512 -0.437134

HC ppm
1

1000
953.70
48.87
0.994530

HC ppm
-0.157688
953.578613
-0.084638
44.014076
n/a

n/a

n/a
1.012805
958.001953
44.847237

HC
n/a
n/a
n/a
0.109744
0.083316
0.442334

Methane ppm
1

10

9.31

5.06
0.982029

Methane ppm
-0.004043
9.377867
-0.080695
3.517668
n/a

n/a

n/a
0.890087
9.932497
4.433533

Methane
n/a

n/a

n/a
9.707820
9.158650
5.546300



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ14

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.984753 -0.269448  13.807625 0.986558
Speed (rpm) 0.991509 10.231683 17.905438 0.998401
Torque (Ib-ft) 0.982472 -0.022857  57.923341  0.978928

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ15

GTATTCEQ15

Fri, Feb 24, 2006

7:48 AM
DIESEL

LAS PALMAS TCEQ B-20 BLEND (NO VISCON)

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

5.821183
38.225983
27.330158
0.479794
9.852124
6.199975

4.295240
51.781075
47.797865
0.562668
10.603205

3.596243
133.873643
123.578549
15509.786559
18.570876
2.456798

53501.542355
46287.974563
7213.567792

Dilution (Total/Exhaust) 7.416793

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
27.311217
27.831336

0.061

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:34 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 4.522977
NOx Bag Ambient 0.332708
NO Bag Ambient 0.028790
CO2 Bag Ambient 0.049008
CO Bag Ambient 1.583088

Methane Bag Ambient 4.902395

Dilution/Engine Air Data

Barometric Pressure  30.214802
Relative Humidity 23.947086
Engine Inlet Air Temp  73.630746
Absoute Humidity 28.964116

Brake Specific Emissions

HC 0.131676
NOx 4.901782
NO 4.524828
COo2 567.890723
CO 0.679972
NMHC 0.089956

Correction Factors

NOx Humidity CF 0.893791
Dry to Wet CF 0.994216
Dilution Factor 98.912821

Fuel Data
Fuel Usage 4679.000000
BSFC 0.377699

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

CO2 %
Range 1
Full Scale 3
Span Concentration 2.750
Mid Span Concentration 1.414
Software Cal Factor 0.991042
Calibration Check Data

CO2 %
Zero Calibration -0.000010
Span Calibration 2.750623
Zero Check -0.002658
Mid Span Check 1.445731
Zero Check 1 n/a
Span Check 1 n/a
Mid Span Check 1 n/a
Zero Check 2 -0.005604
Span Check 2 2.744763
Mid Span Check 2 1.450195

Analyzer Drift (percent of full scale)

COo2
Phase 1 Zero n/a
Phase 1 Mid Span n/a
Phase 1 Span n/a
Phase 2 Zero -0.098200
Phase 2 Mid Span 0.148800
Phase 2 Span -0.195333

CO ppm
1

100
91.00
45.30
0.995047

CO ppm
-0.021749
90.980003
-0.067034
44.607841
n/a

n/a

n/a
0.110783
91.012939
44.833305

Cco
n/a
n/a
n/a
0.177817
0.225464
0.032936

Data processed on Tuesday, March 14, 2006 7:34 AM

GTATTCEQ15
NOXx ppm NO ppm
3 2
250 250
230.00 230.00
126.60 126.60
1.020433 0.999786
NOx ppm NO ppm
-0.020807 -0.019960
230.032654 229.932983
-0.025139 -0.010492
125.387589 126.021713
n/a n/a
n/a n/a
n/a n/a
0.148871 -0.085273
228.382721 225.794128
125.137230 124.922966
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.069604 -0.029912
-0.100144 -0.439499
-0.659973 -1.655542

HC ppm
1

1000
953.70
48.87
0.991031

HC ppm
-0.000394
953.595032
0.428199
44.229694
n/a

n/a

n/a
3.150894
964.097534
46.590321

HC
n/a
n/a
n/a
0.272269
0.236063
1.050250

Methane ppm
1

10

9.31

5.06
0.974386

Methane ppm
-0.002274
9.309943
-0.129607
3.075777
n/a

n/a

n/a
1.408751
10.098815
4.316055

Methane
n/a

n/a

n/a
15.383580
12.402780
7.888720



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ15

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983014 -0.220410  14.055011 0.986029
Speed (rpm) 0.991273 10.613898 18.007016 0.998382
Torque (Ib-ft) 0.978908 0.372637 58.612916 0.978279

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQ33

Test Information Engine Information

Test ID GTATTCEQ33 Engine Manufacturer ~ Cummins
Date Tue, Mar 07, 2006 Engine Model M11 400E
Time 9:50 AM Engine Serial Number 60412072
Fuel Specification DIESEL

Test Comments: LAS PALMAS W/ B20 BLEND W/ VISCON

Bag Emissions Concentrations Bag Background Concentrations

HC Bag Conc 2.947832 ppm HC Bag Ambient 1.465058 ppm
NOx Bag Conc 39.915466 ppm NOx Bag Ambient -0.185692 ppm
NO Bag Conc 28.926094 ppm NO Bag Ambient -0.157556 ppm
CO2 Bag Conc 0.508141 percent CO2 Bag Ambient 0.035788 percent
CO Bag Conc 8.693227 ppm CO Bag Ambient 0.573283 ppm
Methane Bag Conc 3.844785 ppm Methane Bag Ambient 2.423000 ppm

Integrated Concentrations Corrected for Background Dilution/Engine Air Data

HC Conc 3.599627 ppm Barometric Pressure  30.414898 inHg
NOx Conc 47.884959 ppm Relative Humidity 37.874760 percent
NO Conc 44.461963 ppm Engine Inlet Air Temp  71.841557 deg F
CO2 Conc 0.558481 percent Absoute Humidity 42.981556 gr/lb
CO Conc 9.158405 ppm

Mass Emissions Brake Specific Emissions

HC Mass 3.086416 grams HC 0.115164 g/bhp-hr
NOx Mass 128.020980 grams NOx 4.776856 g/bhp-hr
NO Mass 118.850895 grams NO 4.434692 g/bhp-hr
CO2 Mass 15411.405411 grams CcOo2 575.046867 g/bhp-hr
CO Mass 16.092999 grams CO 0.600479 g/bhp-hr
NMHC Mass 1.816102 grams NMHC 0.067764 g/bhp-hr

Sample Flow Data Correction Factors

Total Volume (Vmix)  53502.996304 scf NOx Humidity CF 0.923837 Kh
Dilution Flow 46171.505543 scf Dry to Wet CF 0.991048 Kw
Exhaust Flow 7331.490761 scf Dilution Factor 105.992525 df
Dilution (Total/Exhaust) 7.297697 ratio

Test Cycle Data Fuel Data

Hot-Cold Test 2.000000 1=Cold, 2=Hot Fuel Usage 4630.000000 grams
Test Time 1212.000000 sec BSFC 0.380870 Ib/bhp-hr
Total Work 26.800260 bhp-hr

Reference Work 27.325534 bhp-hr

Particulate 0.058 g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:45 AM



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.992069

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000078
2.749814
-0.002351
1.450723
n/a

n/a

n/a
-0.006425
2.735704
1.443631

CcOo2

n/a

n/a

n/a
-0.135800
-0.236400
-0.470333

CO ppm
1

100
91.00
45.30
0.995898

CO ppm
-0.062222
91.036751
-0.011854
44.793072
n/a

n/a

n/a
0.356582
91.141541
45.109997

Cco
n/a
n/a
n/a
0.368436
0.316925
0.104790

Data processed on Tuesday, March 14, 2006 7:45 AM

GTATTCEQ33
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.002437 0.983858
NOx ppm NO ppm
0.020130 -0.015788
231.017639 231.215881
0.128200 0.001791
127.712471 127.046860
n/a n/a
n/a n/a
n/a n/a
-0.096824 -0.152082
226.570343 228.163605
125.547897 124.897095
NOXx NO
n/a n/a
n/a n/a
n/a n/a
-0.090010 -0.061549
-0.865830 -0.859906
-1.778918 -1.220910

HC ppm
1

1000
953.70
48.87
0.996829

HC ppm
-0.186251
953.643005
-0.178002
44.362206
n/a

n/a

n/a
0.239097
957.853149
44.916759

HC
n/a
n/a
n/a
0.041710
0.055455
0.421014

Methane ppm
1

10

9.31

5.06
0.965716

Methane ppm
-0.003045
9.313220
-0.158354
3.690418
n/a

n/a

n/a
0.419797
9.482856
4.314585

Methane
n/a

n/a

n/a
5.781510
6.241670
1.696360



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ33

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.982760 -0.239011  13.896647 0.985760
Speed (rpm) 0.991155 10.788513 18.033806  0.998377
Torque (Ib-ft) 0.976785 0.492325 58.556928 0.977522

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ34

GTATTCEQ34

Tue, Mar 07, 2006

11:09 AM
DIESEL

LAS PALMAS W/ B20 BLEND W/ VISCON

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.140146
41.298698
29.956736
0.545218
9.439084
3.517876

3.668596
49.272533
45.733921
0.557468
9.115094

3.135963
130.282601
120.934747
15354.913461
15.964296
2.065076

53506.647868
46035.622362
7471.025506

Dilution (Total/Exhaust) 7.161888

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.809661
27.330639

0.058

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:46 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations
HC Bag Ambient 1.812977
NOx Bag Ambient 0.235460

NO Bag Ambient -0.054406
CO2 Bag Ambient 0.062075
CO Bag Ambient 1.383033

Methane Bag Ambient 2.315247

Dilution/Engine Air Data

Barometric Pressure  30.417633
Relative Humidity 29.712850
Engine Inlet Air Temp  75.870656
Absoute Humidity 38.555350

Brake Specific Emissions

HC 0.116971
NOx 4.859539
NO 4.510865
COo2 572.738077
CO 0.595468
NMHC 0.077027

Correction Factors

NOx Humidity CF 0.914132
Dry to Wet CF 0.992046
Dilution Factor 85.385787

Fuel Data
Fuel Usage 4631.000000
BSFC 0.380818

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.988332

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000180
2.749472
-0.001197
1.451641
n/a

n/a

n/a
0.016386
2.783889
1.484665

CcOo2

n/a

n/a

n/a
0.586100
1.100800
1.147233

CO ppm
1

100
91.00
45.30
0.998855

CO ppm
0.046695
91.051849
-0.131019
44.765598
n/a

n/a

n/a
0.085174
90.956238
44.791679

Cco

n/a

n/a

n/a
0.216193
0.026081
-0.095611

Data processed on Tuesday, March 14, 2006 7:47 AM

GTATTCEQ34
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.017061 0.992273
NOx ppm NO ppm
0.005862 -0.008926
230.969681 230.976410
-0.003819 0.067198
127.600525 126.188179
n/a n/a
n/a n/a
n/a n/a
0.251900 0.022602
229.799500 230.306274
127.771599 125.925674
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.102288 -0.017838
0.068430 -0.105002
-0.468072 -0.268054

HC ppm
1

1000
953.70
48.87
1.005117

HC ppm
-0.024543
954.160950
0.170222
45.102844
n/a

n/a

n/a
0.256153
951.370605
44.793964

HC

n/a

n/a

n/a
0.008593
-0.030888
-0.279035

Methane ppm
1

10

9.31

5.06
0.955838

Methane ppm
0.000192
9.309549
-0.168313
3.691274
n/a

n/a

n/a
0.422657
9.137490
4.112452

Methane
n/a

n/a

n/a
5.909700
4.211780
-1.720590



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ34

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983306 -0.268653  13.877645 0.985816
Speed (rpm) 0.991077 10.922496 18.000432 0.998382
Torque (Ib-ft) 0.977262 0.496559 58.156933 0.977844

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ35

GTATTCEQBS5

Tue, Mar 07, 2006

12:33 PM
DIESEL

LAS PALMAS W/ B20 BLEND W/ VISCON

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.308346
40.211876
29.346470
0.513756
8.350498
3.227705

3.458589
48.199111
44.691541
0.558866
8.862608

2.950623
128.594030
119.224888
15416.944919
15.576467
1.862331

53496.615157
45986.728007
7509.887150

Dilution (Total/Exhaust) 7.123491

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.811274
27.327577

0.059

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:47 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 1.872656
NOx Bag Ambient 0.097769
NO Bag Ambient -0.012873
CO2 Bag Ambient 0.038044
CO Bag Ambient 0.464858

Methane Bag Ambient 1.984473

Dilution/Engine Air Data

Barometric Pressure  30.414898
Relative Humidity 37.271170
Engine Inlet Air Temp  71.790197
Absoute Humidity 42.269331

Brake Specific Emissions

HC 0.110052
NOx 4.796267
NO 4.446819
COo2 575.017255
CO 0.580967
NMHC 0.069461

Correction Factors

NOx Humidity CF 0.922296
Dry to Wet CF 0.991209
Dilution Factor 104.870372

Fuel Data
Fuel Usage 4638.000000
BSFC 0.381371

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.994502

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000535
2.750036
0.000851
1.459533
n/a

n/a

n/a
-0.005335
2.731776
1.444304

CcOo2

n/a

n/a

n/a
-0.206200
-0.507633
-0.608667

CO ppm
1

100
91.00
45.30
0.998157

CO ppm
-0.010387
91.060364
-0.153520
44741219
n/a

n/a

n/a
0.005059
90.790421
44.606369

Cco

n/a

n/a

n/a
0.158579
-0.134850
-0.269943

Data processed on Tuesday, March 14, 2006 7:48 AM

GTATTCEQ35
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.002402 0.976493
NOx ppm NO ppm
-0.024801 0.021509
231.002686 230.940628
-0.100642 0.012477
127.238411 126.615852
n/a n/a
n/a n/a
n/a n/a
0.112135 -0.009079
229.795212 228.511566
127.925117 126.321716
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.085111 -0.008622
0.274682 -0.117654
-0.482990 -0.971625

HC ppm
1

1000
953.70
48.87
0.998926

HC ppm
0.046694
953.761719
0.269753
45.005501
n/a

n/a

n/a
0.718051
952.839050
45.428261

HC

n/a

n/a

n/a
0.044830
0.042276
-0.092267

Methane ppm
1

10

9.31

5.06
0.938710

Methane ppm
-0.004675
9.305353
-0.144183
3.886383
n/a

n/a

n/a
0.482104
9.532532
4.123225

Methane
n/a

n/a

n/a
6.262870
2.368420
2.271790



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ35

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983189 -0.238547  13.907694  0.985743
Speed (rpm) 0.991271 10.585907 17.898243 0.998401
Torque (Ib-ft) 0.977445 0.501870 58.196666 0.977811

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ36

Test Information

Test ID GTATTCEQ36
Date Tue, Mar 07, 2006
Time 2:12 PM

Fuel Specification DIESEL

Test Comments: LAS PALMAS W/ B20 BLEND W/ VISCON

Bag Emissions Concentrations

HC Bag Conc 3.571069 ppm
NOx Bag Conc 39.969009 ppm
NO Bag Conc 29.044004 ppm
CO2 Bag Conc 0.520317 percent
CO Bag Conc 8.549660 ppm
Methane Bag Conc 3.766599 ppm

Integrated Concentrations Corrected for Background

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

2.916315
47.306078
43.831206
0.553284
8.911978

2.468168
125.921188
116.686943
15258.806890
15.653187
1.380183

53502.495316
45976.728868
7525.766449

Dilution (Total/Exhaust) 7.109242

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.823911
27.328902

0.062

ppm
ppm
ppm
percent
ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:48 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 2.212326
NOx Bag Ambient 0.426548
NO Bag Ambient -0.008247
CO2 Bag Ambient 0.041632
CO Bag Ambient 0.620916

Methane Bag Ambient 2.534006

Dilution/Engine Air Data

Barometric Pressure  30.417633
Relative Humidity 35.064403
Engine Inlet Air Temp  73.455077
Absoute Humidity 41.461151

Brake Specific Emissions

HC 0.092014
NOx 4.694363
NO 4.350109
COo2 568.850928
CO 0.583554
NMHC 0.051453

Correction Factors

NOx Humidity CF 0.920497
Dry to Wet CF 0.991391
Dilution Factor 108.337503

Fuel Data
Fuel Usage 4635.500000
BSFC 0.380986

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.996551

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000859
2.750588
-0.000864
1.456596
n/a

n/a

n/a
-0.003314
2.745233
1.455559

CcOo2

n/a

n/a

n/a
-0.081667
-0.034567
-0.178500

CO ppm
1

100
91.00
45.30
0.997030

CO ppm
0.022140
90.885452
-0.144207
44.618126
n/a

n/a

n/a
0.220011
90.836761
44.909088

Cco

n/a

n/a

n/a
0.364218
0.290962
-0.048691

Data processed on Tuesday, March 14, 2006 7:49 AM

GTATTCEQ36
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.000781 0.977934
NOx ppm NO ppm
-0.017915 -0.004016
231.039978 231.109055
-0.076139 0.007185
127.337570 126.584625
n/a n/a
n/a n/a
n/a n/a
0.190068 -0.006160
225.841156 224.177856
126.785568 124.038284
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.106483 -0.005338
-0.220801 -1.018536
-2.079529 -2.772480

HC ppm
1

1000
953.70
48.87
0.999781

HC ppm
-0.130019
954.139771
0.119348
44.791443
n/a

n/a

n/a
0.632507
955.894348
45.286079

HC
n/a
n/a
n/a
0.051316
0.049464
0.175458

Methane ppm
1

10

9.31

5.06
0.977710

Methane ppm
-0.057890
9.313130
-0.179799
3.850007
n/a

n/a

n/a
0.868190
9.502562
4.422217

Methane
n/a

n/a

n/a
10.479890
5.722100
1.894320



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ36

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983747 -0.253554  13.854973  0.985873
Speed (rpm) 0.991120 10.832636  18.043813 0.998375
Torque (Ib-ft) 0.977448 0.719852 58.191368 0.977825

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ37

Test Information

Test ID GTATTCEQ37
Date Tue, Mar 07, 2006
Time 3:47 PM

Fuel Specification DIESEL

Test Comments: LAS PALMAS W/ B20 BLEND W/ VISCON

Bag Emissions Concentrations

HC Bag Conc 3.454164 ppm
NOx Bag Conc 39.823330 ppm
NO Bag Conc 28.285501 ppm
CO2 Bag Conc 0.516047 percent
CO Bag Conc 8.561492 ppm
Methane Bag Conc 2.888327 ppm

Integrated Concentrations Corrected for Background

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.339774
47.427238
43.184472
0.555278
8.906195

2.847679
125.232828
114.053522
15314.436171
15.655487
1.811081

53496.265050
45953.736088
7542.528962

Dilution (Total/Exhaust) 7.092616

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.796021
27.321779

0.057

ppm
ppm
ppm
percent
ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:49 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 1.874592
NOx Bag Ambient 0.224219
NO Bag Ambient -0.143242
CO2 Bag Ambient 0.041633
CO Bag Ambient 0.507983

Methane Bag Ambient 1.694201

Dilution/Engine Air Data

Barometric Pressure  30.412541
Relative Humidity 33.941790
Engine Inlet Air Temp  71.446835
Absoute Humidity 37.969169

Brake Specific Emissions

HC 0.106272
NOx 4.673561
NO 4.256360
COo2 571.519044
CO 0.584247
NMHC 0.067588

Correction Factors

NOx Humidity CF 0.912865
Dry to Wet CF 0.992178
Dilution Factor 103.717493

Fuel Data
Fuel Usage 4647.500000
BSFC 0.382370

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.991926

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000462
2.749794
0.000609
1.455824
n/a

n/a

n/a
-0.000393
2.744256
1.451745

CcOo2

n/a

n/a

n/a
-0.033400
-0.135967
-0.184600

CO ppm
1

100
91.00
45.30
1.000221

CO ppm
-0.006378
90.926643
-0.197617
44.678661
n/a

n/a

n/a
0.173073
91.057640
44.926769

Cco
n/a
n/a
n/a
0.370690
0.248108
0.130997

Data processed on Tuesday, March 14, 2006 7:50 AM

GTATTCEQ37
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
0.999032 0.977124
NOx ppm NO ppm
-0.000710 -0.019504
230.997055 230.874390
0.009376 -0.008273
127.473083 126.142136
n/a n/a
n/a n/a
n/a n/a
0.227435 -0.135064
229.248596 224.386078
127.074753 124.162941
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.087224 -0.050716
-0.159332 -0.791678
-0.699384 -2.595325

HC ppm
1

1000
953.70
48.87
1.000112

HC ppm
0.076024
953.447083
0.322101
44.966736
n/a

n/a

n/a
0.587588
955.844482
45562992

HC
n/a
n/a
n/a
0.026549
0.059626
0.239740

Methane ppm
1

10

9.31

5.06
0.966550

Methane ppm
-0.000976
9.308383
-0.114761
3.829277
n/a

n/a

n/a
0.443529
9.589096
3.947122

Methane
n/a

n/a

n/a
5.582900
1.178450
2.807130



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ37

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.982543 -0.212169  14.139817 0.985256
Speed (rpm) 0.991075 10.895478 18.162945 0.998353
Torque (Ib-ft) 0.976920 0.552696 58.380476 0.977656

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ38

GTATTCEQS8

Tue, Mar 07, 2006

5:37 PM
DIESEL

LAS PALMAS W/ B20 BLEND W/ VISCON

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.296978
40.058090
28.770720
0.507934
8.631964
3.264783

3.375144
47.365102
43.580259
0.559506
8.904766

2.880208
125.443955
115.414259
15438.538678
15.639434
1.748237

53494.787911
45977.906537
7516.881374

Dilution (Total/Exhaust) 7.116620

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.823932
27.334283

0.060

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:50 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 1.790243
NOx Bag Ambient 0.241908
NO Bag Ambient 0.036752
CO2 Bag Ambient 0.033704
CO Bag Ambient 0.651540

Methane Bag Ambient 1.972710

Dilution/Engine Air Data

Barometric Pressure  30.414898
Relative Humidity 37.971525
Engine Inlet Air Temp  69.140150
Absoute Humidity 39.271676

Brake Specific Emissions

HC 0.107375
NOx 4.676568
NO 4.302660
COo2 575.550914
CO 0.583040
NMHC 0.065175

Correction Factors

NOx Humidity CF 0.915690
Dry to Wet CF 0.991884
Dilution Factor 109.775336

Fuel Data
Fuel Usage 4642.000000
BSFC 0.381520

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.992717

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000150
2.749734
-0.000497
1.454846
n/a

n/a

n/a
-0.006528
2.733481
1.442303

CcOo2

n/a

n/a

n/a
-0.201033
-0.418100
-0.541767

CO ppm
1

100
91.00
45.30
0.999962

CO ppm
0.050360
91.143036
-0.045999
44.840355
n/a

n/a

n/a
0.112635
91.203773
44.968578

Cco
n/a
n/a
n/a
0.158634
0.128223
0.060737

Data processed on Tuesday, March 14, 2006 7:51 AM

GTATTCEQ38
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
0.999058 0.979248
NOx ppm NO ppm
-0.035128 0.008651
230.919281 231.140762
-0.026115 0.027010
127.414642 126.641960
n/a n/a
n/a n/a
n/a n/a
0.253576 0.028598
229.473282 227.428802
127.273811 125.594589
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.111876 0.000635
-0.056332 -0.418948
-0.578400 -1.484784

HC ppm
1

1000
953.70
48.87
0.997490

HC ppm
0.060394
953.996216
0.258549
44.890278
n/a

n/a

n/a
0.664711
956.154602
45.694275

HC
n/a
n/a
n/a
0.040616
0.080400
0.215839

Methane ppm
1

10

9.31

5.06
0.972209

Methane ppm
-0.000089
9.312229
-0.055311
3.897737
n/a

n/a

n/a
0.426244
9.496226
4.471474

Methane
n/a

n/a

n/a
4.815550
5.737370
1.839970



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ38

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983374 -0.273096  13.946921 0.985679
Speed (rpm) 0.991049 10.957204 18.040445 0.998375
Torque (Ib-ft) 0.977498 0.585661 57.935288 0.978021

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ39

GTATTCEQ39

Wed, Mar 08, 2006

11:07 AM
DIESEL

LAS PALMAS W/ B20 BLEND W/ VISCON

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.217693
41.015541
29.631416
0.516534
8.886029
3.638687

3.926817
47.848875
43.752793
0.550643
9.040994

3.365926
124.842026
114.164646
15199.675265
15.886229
2.182907

53504.850912
46024.564369
7480.286543

Dilution (Total/Exhaust) 7.152781

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.813531
27.327813

0.062

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:51 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations
HC Bag Ambient 1.610347
NOx Bag Ambient 0.227645

NO Bag Ambient -0.060685
CO2 Bag Ambient 0.029146
CO Bag Ambient 0.581319

Methane Bag Ambient 2.307981

Dilution/Engine Air Data

Barometric Pressure  30.414898
Relative Humidity 31.599871
Engine Inlet Air Temp  69.335665
Absoute Humidity 32.858614

Brake Specific Emissions

HC 0.125531
NOx 4.655934
NO 4.257725
COo2 566.865849
CO 0.592471
NMHC 0.081411

Correction Factors

NOx Humidity CF 0.901944
Dry to Wet CF 0.993334
Dilution Factor 125.594769

Fuel Data
Fuel Usage 4631.000000
BSFC 0.380763

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.989826

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000203
2.750431
0.000579
1.456020
n/a

n/a

n/a
-0.014514
2.715443
1.427791

CcOo2

n/a

n/a

n/a
-0.503100
-0.940967
-1.166267

CO ppm
1

100
91.00
45.30
1.001086

CO ppm
0.034442
91.052109
-0.454483
44.660000
n/a

n/a

n/a
0.013175
91.175468
44.987640

Cco
n/a
n/a
n/a
0.467658
0.327640
0.123359

Data processed on Tuesday, March 14, 2006 7:52 AM

GTATTCEQ39
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.021363 0.991602
NOx ppm NO ppm
-0.012866 0.022826
230.957077 231.346802
0.011986 0.082494
127.103394 126.103928
n/a n/a
n/a n/a
n/a n/a
0.221323 0.040354
230.725128 228.177292
127.874557 125.861267
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.083735 -0.016856
0.308465 -0.097064
-0.092780 -1.267804

HC ppm
1

1000
953.70
48.87
1.002116

HC ppm
0.193679
953.867981
0.328334
44.594093
n/a

n/a

n/a
1.160651
970.497559
46.389988

HC
n/a
n/a
n/a
0.083232
0.179590
1.662958

Methane ppm
1

10

9.31

5.06
0.996781

Methane ppm
-0.001723
9.289621
-0.139901
3.680555
n/a

n/a

n/a
0.577101
9.522356
4.391807

Methane
n/a

n/a

n/a
7.170020
7.112520
2.327350



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ39

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.982734 -0.209817  14.250851 0.985032
Speed (rpm) 0.991092 10.875703 17.957142  0.998390
Torque (Ib-ft) 0.977308 0.608647 58.209098 0.977801

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ40

GTATTCEQA40

Wed, Mar 08, 2006

12:32 PM
DIESEL

LAS PALMAS W/ B20 BLEND W/ VISCON

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

2.757481
42.565083
30.661770
0.555759
10.110151
3.731823

3.537316
49.224060
45.293739
0.563803
8.911202

3.038227
127.387974
117.203916
15535.114409
15.578217
1.850337

53503.452777
45937.861532
7565.591245

Dilution (Total/Exhaust) 7.071946

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.810069
27.328232

0.056

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:53 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 1.268131
NOx Bag Ambient 0.128974
NO Bag Ambient 0.039514
CO2 Bag Ambient 0.056772
CO Bag Ambient 1.834825

Methane Bag Ambient 2.420193

Dilution/Engine Air Data

Barometric Pressure  30.417633
Relative Humidity 27.582683
Engine Inlet Air Temp  70.103521
Absoute Humidity 29.412446

Brake Specific Emissions

HC 0.113324
NOx 4.751497
NO 4.371638
COo2 579.450743
CO 0.581058
NMHC 0.069017

Correction Factors

NOx Humidity CF 0.894722
Dry to Wet CF 0.994114
Dilution Factor 83.908890

Fuel Data
Fuel Usage 4653.000000
BSFC 0.382621

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.991693

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000568
2.749956
0.000331
1.456948
n/a

n/a

n/a
0.009979
2.769128
1.473032

CcOo2

n/a

n/a

n/a
0.321600
0.536133
0.639067

CO ppm
1

100
91.00
45.30
0.999548

CO ppm
-0.105620
91.054283
-0.219508
44.651760
n/a

n/a

n/a
-0.192543
90.828163
44.547501

Cco

n/a

n/a

n/a
0.026965
-0.104259
-0.226120

Data processed on Tuesday, March 14, 2006 7:58 AM

GTATTCEQ40
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.001282 0.980587
NOx ppm NO ppm
-0.019018 0.006514
231.017731 231.118149
-0.011417 0.001110
127.139374 125.974846
n/a n/a
n/a n/a
n/a n/a
0.120962 -0.026678
230.338593 231.277878
127.291885 126.103607
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.052952 -0.011115
0.061004 0.051504
-0.271655 0.063892

HC ppm
1

1000
953.70
48.87
0.996473

HC ppm
0.066781
953.647217
0.085454
44.456566
n/a

n/a

n/a
0.127298
945.043640
44.243839

HC

n/a

n/a

n/a
0.004184
-0.021273
-0.860358

Methane ppm
1

10

9.31

5.06
0.866539

Methane ppm
-0.010443
9.307410
-0.121264
3.651958
n/a

n/a

n/a
0.142295
9.329316
4.199500

Methane
n/a

n/a

n/a
2.635590
5.475420
0.219060



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ40

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983749 -0.293687  14.079234  0.985412
Speed (rpm) 0.991247 10.615850 17.864020 0.998407
Torque (Ib-ft) 0.977867 0.335828 58.372252 0.977701

All regression statistics are within tolerances.



Test Information

Test ID
Date
Time

Fuel Specification
Test Comments:

Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ41

GTATTCEQ41

Wed, Mar 08, 2006

1:57 PM
DIESEL

LAS PALMAS W/ B20 BLEND W/ VISCON

Bag Emissions Concentrations

HC Bag Conc
NOx Bag Conc
NO Bag Conc
CO2 Bag Conc
CO Bag Conc

Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.103358
43.494259
31.091520
0.534400
9.684583
3.615102

3.405751
50.146346
46.058206
0.553913
8.841874

2.910409
130.110629
119.497274
15282.099538
15.471633
1.827093

53499.739908
46004.509581
7495.230327

Dilution (Total/Exhaust) 7.137838

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.798458
27.320646

0.062

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:58 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations
HC Bag Ambient 1.672830
NOx Bag Ambient 0.141324

NO Bag Ambient -0.013063
CO2 Bag Ambient 0.037692
CO Bag Ambient 1.572604

Methane Bag Ambient 2.403968

Dilution/Engine Air Data

Barometric Pressure  30.414898
Relative Humidity 27.974430
Engine Inlet Air Temp  70.726847
Absoute Humidity 30.482250

Brake Specific Emissions

HC 0.108604
NOx 4.855154
NO 4.459110
COo2 570.260411
CO 0.577333
NMHC 0.068179

Correction Factors

NOx Humidity CF 0.896951
Dry to Wet CF 0.993872
Dilution Factor 111.239449

Fuel Data
Fuel Usage 4644.500000
BSFC 0.382088

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.991076

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000156
2.750486
0.000267
1.456319
n/a

n/a

n/a
-0.008713
2.729330
1.441166

CcOo2

n/a

n/a

n/a
-0.299333
-0.505100
-0.705200

CO ppm
1

100
91.00
45.30
1.000594

CO ppm
0.017147
91.049095
-0.197541
44.710110
n/a

n/a

n/a
-0.013728
91.003006
44.701439

Cco

n/a

n/a

n/a
0.183813
-0.008671
-0.046089

Data processed on Tuesday, March 14, 2006 7:59 AM

GTATTCEQA41
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.005047 0.985356
NOx ppm NO ppm
-0.019971 -0.017915
231.010620 231.012253
-0.004347 0.033370
127.351044 125.973595
n/a n/a
n/a n/a
n/a n/a
0.228296 -0.015031
230.919922  230.492355
127.716103 125.876732
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.093057 -0.019360
0.146024 -0.038745
-0.036279 -0.207959

HC ppm
1

1000
953.70
48.87
1.001289

HC ppm
-0.156908
953.637268
0.146054
44.593552
n/a

n/a

n/a
0.817560
952.823242
45.017555

HC

n/a

n/a

n/a
0.067151
0.042400
-0.081403

Methane ppm
1

10

9.31

5.06
0.991233

Methane ppm
-0.004340
9.304965
-0.121308
3.723071
n/a

n/a

n/a
0.659475
9.595335
4.475482

Methane
n/a

n/a

n/a
7.807830
7.524110
2.903700



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ41

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.982622 -0.235385  14.218940 0.985090
Speed (rpm) 0.991146 10.813425 17.985019 0.998385
Torque (Ib-ft) 0.976269 0.809629 58.617660 0.977441

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQ42

Test Information

Test ID GTATTCEQ42
Date Wed, Mar 08, 2006
Time 4.08 PM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

REFERENCE FUEL

HC Bag Conc 3.756181
NOx Bag Conc 39.653595
NO Bag Conc 28.573444
CO2 Bag Conc 0.524387
CO Bag Conc 10.703366
Methane Bag Conc 4.067671

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.289324
45.126095
41.390557
0.546609
10.580104

3.672673
117.185749
107.498954
15082.413017
18.578537
2.126606

53503.222717
45983.825991
7519.396727

Dilution (Total/Exhaust) 7.115361

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.837434
27.320779

0.064

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 7:59 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 1.890954 ppm
NOx Bag Ambient 0.244028 ppm

NO Bag Ambient -0.063921 ppm
CO2 Bag Ambient 0.033580 percent
CO Bag Ambient 0.813136 ppm
Methane Bag Ambient 2.311394 ppm
Dilution/Engine Air Data

Barometric Pressure  30.415275 inHg
Relative Humidity 29.772393 percent
Engine Inlet Air Temp  69.263249 deg F
Absoute Humidity 30.863650 gr/lb
Brake Specific Emissions

HC 0.136849 g/bhp-hr
NOx 4.366503 g/bhp-hr
NO 4.005560 g/bhp-hr
COo2 561.991616 g/bhp-hr
CoO 0.692262 g/bhp-hr
NMHC 0.079240 g/bhp-hr
Correction Factors

NOx Humidity CF 0.897748 Kh

Dry to Wet CF 0.993785 Kw
Dilution Factor 118.385161 df

Fuel Data

Fuel Usage 4476.000000 grams
BSFC 0.367691 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.994339

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000396
2.751248
0.000091
1.456860
n/a

n/a

n/a
-0.012061
2.721385
1.436459

CcOo2

n/a

n/a

n/a
-0.405067
-0.680033
-0.995433

CO ppm
1

100
91.00
45.30
0.998785

CO ppm
0.076286
91.005638
0.036784
44.875347
n/a

n/a

n/a
0.300408
91.008591
44.828365

Cco

n/a

n/a

n/a
0.263624
-0.046982
0.002953

Data processed on Tuesday, March 14, 2006 8:00 AM

GTATTCEQ42
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.003948 0.994209
NOx ppm NO ppm
0.030065 0.023557
231.062698 231.425674
0.021925 0.034356
127.399536 127.071556
n/a n/a
n/a n/a
n/a n/a
0.343478 -0.088795
230.502716 229.236923
127.364845 125.682785
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.128621 -0.049260
-0.013876 -0.555508
-0.223993 -0.875500

HC ppm
1

1000
953.70
48.87
0.993828

HC ppm
0.141185
953.142822
0.298992
44.280209
n/a

n/a

n/a
0.030081
954.804321
44.649765

HC

n/a

n/a

n/a
-0.026891
0.036956
0.166150

Methane ppm
1

10

9.31

5.06
0.971415

Methane ppm
0.000864
9.303961
-0.149586
3.321988
n/a

n/a

n/a
-0.314127
9.499149
3.954237

Methane
n/a

n/a

n/a
-1.645410
6.322490
1.951880



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ42

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983930 -0.212977  13.938086 0.985704
Speed (rpm) 0.991649 10.002573 17.757593  0.998427
Torque (Ib-ft) 0.978520 0.754110 58.366445 0.977733

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC

Test Information
Test ID

Date

Time

Fuel Specification
Test Comments:

Heavy Duty Transient Test Results
GTATTCEQ43

GTATTCEQ43

Wed, Mar 08, 2006

5:34 PM
DIESEL

REFERENCE FUEL

Bag Emissions Concentrations

HC Bag Conc

NOx Bag Conc

NO Bag Conc

CO2 Bag Conc

CO Bag Conc
Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions
HC Mass

NOx Mass

NO Mass

CO2 Mass

CO Mass

NMHC Mass

Sample Flow Data
Total Volume (Vmix)
Dilution Flow

Exhaust Flow

Dilution (Total/Exhaust)

Test Cycle Data
Hot-Cold Test
Test Time

Total Work
Reference Work

Particulate

4.982115
39.947193
28.659267
0.512303
10.230366
4.703129

3.958870
45.890284
41.756322
0.546553
10.381815

3.346416
118.311857
107.664648
15093.427918
18.248489
1.987393

53507.878086
46013.878008
7494.000078
7.140096

2.000000
1212.000000
26.839775
27.325002

0.064

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 8:00 AM

Engine Information
Engine Manufacturer

Engine Model

Engine Serial Number

Bag Background Concentrations

HC Bag Ambient

NOx Bag Ambient

NO Bag Ambient

CO2 Bag Ambient

CO Bag Ambient
Methane Bag Ambient

Cummins
M11 400E
60412072

3.173487
0.229989
-0.067265
0.025211
0.536288
3.147143

Dilution/Engine Air Data

Barometric Pressure
Relative Humidity
Engine Inlet Air Temp
Absoute Humidity

30.414898
29.161891
66.711673
27.668927

Brake Specific Emissions

HC
NOx
NO
CcOo2
CcO
NMHC

Correction Factors
NOx Humidity CF

Dry to Wet CF

Dilution Factor

Fuel Data
Fuel Usage
BSFC

0.124681
4.408079
4.011384
562.352988
0.679905
0.074047

0.891113
0.994509
130.830673

4477.500000
0.367782

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.992290

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000101
2.750171
-0.000049
1.455526
n/a

n/a

n/a
-0.020264
2.702513
1.421992

CcOo2

n/a

n/a

n/a
-0.673833
-1.117800
-1.588600

CO ppm
1

100
91.00
45.30
1.000919

CO ppm
0.017828
91.054367
-0.066133
44742710
n/a

n/a

n/a
0.111676
91.192329
44.909538

Cco
n/a
n/a
n/a
0.177809
0.166828
0.137962

Data processed on Tuesday, March 14, 2006 8:01 AM

GTATTCEQ43
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.001270 0.977643
NOx ppm NO ppm
-0.017275 0.002661
230.906113 230.921494
-0.000917 0.021287
127.406288 125.901085
n/a n/a
n/a n/a
n/a n/a
0.273617 -0.095959
232.140854 230.014053
128.240479 125.872955
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.109814 -0.046898
0.333676 -0.011252
0.493896 -0.362976

HC ppm
1

1000
953.70
48.87
0.998469

HC ppm
0.313845
953.544189
0.423399
45.185989
n/a

n/a

n/a
0.987832
957.655823
45.868263

HC
n/a
n/a
n/a
0.056443
0.068227
0.411163

Methane ppm
1

10

9.31

5.06
0.978509

Methane ppm
0.005069
9.311157
-0.125456
3.812817
n/a

n/a

n/a
0.608167
9.799579
4.651962

Methane
n/a

n/a

n/a
7.336230
8.391450
4.884220



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ43

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.984461 -0.236987  13.978462 0.985646
Speed (rpm) 0.991216 10.676490 17.953131 0.998391
Torque (Ib-ft) 0.978880 0.615024 58.052584 0.977992

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQ44

Test Information

Test ID GTATTCEQ44
Date Wed, Mar 08, 2006
Time 6:43 PM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

REFERENCE FUEL

HC Bag Conc 5.137566
NOx Bag Conc 39.346794
NO Bag Conc 28.287399
CO2 Bag Conc 0.522983
CO Bag Conc 10.768485
Methane Bag Conc 5.069627

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.570398
44.986704
40.869064
0.547332
10.433840

3.003744
117.118794
106.406313
15102.795767
18.306328
1.565518

53490.368752
46047.282736
7443.086017

Dilution (Total/Exhaust) 7.186585

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.814968
27.318026

0.064

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 8:02 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 3.345387 ppm
NOx Bag Ambient 0.243695 ppm

NO Bag Ambient -0.042715 ppm
CO2 Bag Ambient 0.034698 percent
CO Bag Ambient 1.003694 ppm
Methane Bag Ambient 3.431893 ppm
Dilution/Engine Air Data

Barometric Pressure  30.412541 inHg
Relative Humidity 25.367709 percent
Engine Inlet Air Temp  75.048629 deg F
Absoute Humidity 31.993056 gr/lb
Brake Specific Emissions

HC 0.112017 g/bhp-hr
NOx 4.367665 g/bhp-hr
NO 3.968169 g/bhp-hr
COo2 563.222590 g/bhp-hr
CoO 0.682691 g/bhp-hr
NMHC 0.058382 g/bhp-hr
Correction Factors

NOx Humidity CF 0.900117 Kh

Dry to Wet CF 0.993529 Kw
Dilution Factor 113.309184 df

Fuel Data

Fuel Usage 4477.000000 grams
BSFC 0.368082 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range

Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

Calibration Check Data

Zero Calibration
Span Calibration
Zero Check

Mid Span Check
Zero Check 1
Span Check 1
Mid Span Check 1
Zero Check 2
Span Check 2
Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero
Phase 1 Mid Span
Phase 1 Span
Phase 2 Zero
Phase 2 Mid Span
Phase 2 Span

CO2 %
1

3
2.750
1.414
0.995900

CO2 %
-0.000106
2.749847
0.002170
1.459192
n/a

n/a

n/a
-0.012091
2.718614
1.434634

CcOo2

n/a

n/a

n/a
-0.475367
-0.818600
-1.041100

CO ppm
1

100
91.00
45.30
0.999068

CO ppm
0.037232
91.074753
-0.047630
44767971
n/a

n/a

n/a
0.261682
91.025963
44.972012

Cco

n/a

n/a

n/a
0.309312
0.204041
-0.048790

Data processed on Tuesday, March 14, 2006 8:02 AM

GTATTCEQ44
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
0.998774 0.969357
NOx ppm NO ppm
-0.028140 0.029349
230.991592 231.257828
-0.012450 0.035493
127.557419 126.127022
n/a n/a
n/a n/a
n/a n/a
0.229045 -0.032200
231.637390 226.945953
128.339142 125.272133
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.096598 -0.027077
0.312689 -0.341956
0.258319 -1.724750

HC ppm
1

1000
953.70
48.87
1.004036

HC ppm
-0.078344
953.550354
0.146773
44.696899
n/a

n/a

n/a
1.289271
957.358459
45.829426

HC
n/a
n/a
n/a
0.114250
0.113253
0.380811

Methane ppm
1

10

9.31

5.06
0.963726

Methane ppm
-0.001279
9.306960
-0.213219
3.778908
n/a

n/a

n/a
1.272126
9.827442
4.744580

Methane
n/a

n/a

n/a
14.853450
9.656720
5.204820



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ44

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983610 -0.209650  14.211742 0.985138
Speed (rpm) 0.991314 10.534625 18.023851 0.998379
Torque (Ib-ft) 0.977554 0.749030 58.839069 0.977339

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQ45

Test Information

Test ID GTATTCEQ45
Date Thu, Mar 09, 2006
Time 8:39 AM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

REFERENCE FUEL

HC Bag Conc 2.313358
NOx Bag Conc 38.239746
NO Bag Conc 27.854160
CO2 Bag Conc 0.520693
CO Bag Conc 10.394235
Methane Bag Conc 3.007171

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.579164
43.602733
39.474148
0.553748
10.790863

3.967551
116.271375
105.257067
15279.894193
18.981680
2.255911

53500.358059
46145.100511
7355.257548

Dilution (Total/Exhaust) 7.273757

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.840295
27.333976

0.065

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Tuesday, March 14, 2006 8:03 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 0.471203 ppm
NOx Bag Ambient 0.092948 ppm

NO Bag Ambient -0.054779 ppm
CO2 Bag Ambient 0.031716 percent
CO Bag Ambient 0.253893 ppm
Methane Bag Ambient 1.060334 ppm
Dilution/Engine Air Data

Barometric Pressure  30.114752 inHg
Relative Humidity 37.106888 percent
Engine Inlet Air Temp  71.532359 deg F
Absoute Humidity 42.068721 gr/lb
Brake Specific Emissions

HC 0.147821 g/bhp-hr
NOx 4.331971 g/bhp-hr
NO 3.921606 g/bhp-hr
COo2 569.289362 g/bhp-hr
CoO 0.707208 g/bhp-hr
NMHC 0.084049 g/bhp-hr
Correction Factors

NOx Humidity CF 0.921820 Kh

Dry to Wet CF 0.991254 Kw
Dilution Factor 109.892742 df

Fuel Data

Fuel Usage 4479.000000 grams
BSFC 0.367898 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.987843

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000002
2.748584
-0.000102
1.452947
n/a

n/a

n/a
-0.007403
2.731288
1.436665

CcOo2

n/a

n/a

n/a
-0.243367
-0.542733
-0.576533

CO ppm
1

100
91.00
45.30
1.003007

CO ppm
-0.082340
91.009293
-0.130327
44.700718
n/a

n/a

n/a
-0.233937
90.926949
44.536736

Cco
n/a
n/a
n/a
-0.103610
-0.163982
-0.082344

Data processed on Tuesday, March 14, 2006 8:03 AM

GTATTCEQ45
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.018537 1.003576
NOx ppm NO ppm
-0.033488 -0.012736
231.100510 230.567535
-0.134043 0.034626
127.426819 125.383720
n/a n/a
n/a n/a
n/a n/a
0.198622 -0.077611
227.248489 224.551239
125.866364 122.524750
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.133066 -0.044895
-0.624182 -1.143588
-1.540808 -2.406518

HC ppm
1

1000
953.70
48.87
1.001615

HC ppm
-0.036684
952.640320
0.105741
43.118111
n/a

n/a

n/a
-0.759837
951.585266
43.388668

HC

n/a

n/a

n/a
-0.086558
0.027056
-0.105505

Methane ppm
1

10

9.31

5.06
0.986301

Methane ppm
-0.006806
9.302901
-0.441473
2.456985
n/a

n/a

n/a
-1.039968
9.141681
2.933803

Methane
n/a

n/a

n/a
-5.984950
4.768180
-1.612200



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQA45

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.984557 -0.309390  13.934435 0.985738
Speed (rpm) 0.990513 11.818560 18.607082 0.998270
Torque (Ib-ft) 0.978725 0.504906 58.378639 0.977747

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQA46

Test Information

Test ID GTATTCEQ46
Date Thu, Mar 09, 2006
Time 9:57 AM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

REFERENCE FUEL

HC Bag Conc 3.515052
NOx Bag Conc 38.803143
NO Bag Conc 28.772343
CO2 Bag Conc 0.549441
CO Bag Conc 10.974411
Methane Bag Conc 4.173737

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.302202
44.238431
40.888244
0.552208
10.976043

3.694415
117.609068
108.707662
15222.404231
19.287475
2.149666

53505.604488
46141.749987
7363.854501

Dilution (Total/Exhaust) 7.265978

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.845822
27.325699

0.063

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Thursday, March 09, 2006 12:29 PM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 1.567775 ppm
NOx Bag Ambient 0.222838 ppm

NO Bag Ambient -0.028938 ppm
CO2 Bag Ambient 0.050502 percent
CO Bag Ambient 0.601238 ppm
Methane Bag Ambient 2.440588 ppm
Dilution/Engine Air Data

Barometric Pressure  30.115125 inHg
Relative Humidity 35.686387 percent
Engine Inlet Air Temp  71.817189 deg F
Absoute Humidity 40.832604 gr/lb
Brake Specific Emissions

HC 0.137616 g/bhp-hr
NOx 4.380908 g/bhp-hr
NO 4.049333 g/bhp-hr
COo2 567.030671 g/bhp-hr
CoO 0.718454 g/bhp-hr
NMHC 0.080075 g/bhp-hr
Correction Factors

NOx Humidity CF 0.919100 Kh

Dry to Wet CF 0.991532 Kw
Dilution Factor 93.041024 df

Fuel Data

Fuel Usage 4474.000000 grams
BSFC 0.367412 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.990898

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000120
2.749993
-0.000254
1.454039
n/a

n/a

n/a
0.006943
2.761302
1.466666

CcOo2

n/a

n/a

n/a
0.239900
0.420900
0.376967

CO ppm
1

100
91.00
45.30
0.995000

CO ppm
0.000251
91.017174
-0.023060
44.756283
n/a

n/a

n/a
0.292954
91.282707
45.115383

Cco
n/a
n/a
n/a
0.316014
0.359100
0.265533

Data processed on Tuesday, March 14, 2006 8:04 AM

GTATTCEQ46
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.030844 1.030787
NOx ppm NO ppm
-0.000712 -0.014301
230.944672 231.295303
0.027564 -0.003300
129.509201 127.943459
n/a n/a
n/a n/a
n/a n/a
0.205324 0.021947
228.573196 230.142426
127.045197 125.375160
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.071104 0.010099
-0.985602 -1.027320
-0.948590 -0.461151

HC ppm
1

1000
953.70
48.87
1.001619

HC ppm
0.023584
954.588867
-0.264650
43.960968
n/a

n/a

n/a
0.062249
954.766724
44.443230

HC
n/a
n/a
n/a
0.032690
0.048226
0.017786

Methane ppm
1

10

9.31

5.06
0.902970

Methane ppm
-0.013330
9.312013
-0.240550
3.507431
n/a

n/a

n/a
0.809552
9.554393
4.173479

Methane
n/a

n/a

n/a
10.501020
6.660480
2.423800



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQA46

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.984362 -0.252722  14.043586  0.985501
Speed (rpm) 0.990857 11.250754 18.281475 0.998330
Torque (Ib-ft) 0.978729 0.726428 58.234876 0.977841

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQA47

Test Information

Test ID GTATTCEQ47
Date Thu, Mar 09, 2006
Time 11:10 AM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

REFERENCE FUEL

HC Bag Conc 4.444563
NOx Bag Conc 38.203842
NO Bag Conc 28.219038
CO2 Bag Conc 0.561911
CO Bag Conc 10.757438
Methane Bag Conc 4.879470

Integrated Concentrations Corrected for

HC Conc 3.830556
NOx Conc 42.463614
NO Conc 39.657796
CO2 Conc 0.540326
CO Conc 11.011923
Mass Emissions

HC Mass 3.252131
NOx Mass 113.674310
NO Mass 106.153337
CO2 Mass 14888.228316
CO Mass 19.361555
NMHC Mass 1.652912

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

53502.872370
46148.127108
7354.745263

Dilution (Total/Exhaust) 7.274606

Test Cycle Data

Hot-Cold Test 2.000000
Test Time 1212.000000
Total Work 26.815657
Reference Work 27.324153
Particulate 0.067

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Thursday, March 09, 2006 12:12 PM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 2.627177 ppm
NOx Bag Ambient 0.091607 ppm

NO Bag Ambient -0.051201 ppm
CO2 Bag Ambient 0.055741 percent
CO Bag Ambient 0.363230 ppm
Methane Bag Ambient 3.076554 ppm
Dilution/Engine Air Data

Barometric Pressure  30.115125 inHg
Relative Humidity 38.523941 percent
Engine Inlet Air Temp  71.481246 deg F
Absoute Humidity 43.623341 gr/lb
Brake Specific Emissions

HC 0.121277 g/bhp-hr
NOx 4.239102 g/bhp-hr
NO 3.958633 g/bhp-hr
CcOo2 555.206537 g/bhp-hr
CoO 0.722024 g/bhp-hr
NMHC 0.061640 g/bhp-hr
Correction Factors

NOx Humidity CF 0.925260 Kh

Dry to Wet CF 0.990904 Kw
Dilution Factor 100.063458 df

Fuel Data

Fuel Usage 4502.500000 grams
BSFC 0.370169 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.989020

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

Data processed on Thursday, March 09, 2006 12:13 PM

CO2 %
0.000436
2.750743
0.000177
1.454817
n/a

n/a

n/a
0.003850
2.760514
1.470038

CcOo2

n/a

n/a

n/a
0.122433
0.507367
0.325700

CO ppm
1

100
91.00
45.30
0.999628

CO ppm
-0.022076
91.159966
-0.201136
44.959797
n/a

n/a

n/a
0.149753
91.264755
45.054920

Cco
n/a
n/a
n/a
0.350889
0.095123
0.104789

GTATTCEQA47
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
0.997206 0.976263
NOx ppm NO ppm
-0.037826 -0.032417
231.106766 230.886200
0.104518 -0.013245
127.095558 127.506607
n/a n/a
n/a n/a
n/a n/a
-0.055530 -0.067907
224.832718 227.757126
124.720482 124.208519
NOXx NO
n/a n/a
n/a n/a
n/a n/a
-0.064019 -0.021865
-0.950030 -1.319235
-2.509619 -1.251630

HC ppm
1

1000
953.70
48.87
1.000786

HC ppm
0.085851
958.197449
-0.059358
44.863926
n/a

n/a

n/a
0.785872
962.639587
45.231163

HC
n/a
n/a
n/a
0.084523
0.036724
0.444214

Methane ppm
1

10

9.31

5.06
0.906648

Methane ppm
-0.000898
9.305955
-0.220263
3.593410
n/a

n/a

n/a
1.123502
9.604136
4.377805

Methane
n/a

n/a

n/a
13.437650
7.843950
2.981810



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQA47

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983275 -0.211566  14.041165 0.985476
Speed (rpm) 0.991462 10.308514 17.731525 0.998431
Torque (Ib-ft) 0.977408 0.682331 58.268374 0.977759

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQA48

Test Information

Test ID GTATTCEQ48
Date Thu, Mar 09, 2006
Time 12:58 PM

Fuel Specification DIESEL

Test Comments: CAND. FUEL W/VISCON ONLY

Bag Emissions Concentrations

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Conc 4.312817 ppm
NOx Bag Conc 40.455299 ppm
NO Bag Conc 29.658293 ppm
CO2 Bag Conc 0.539872 percent
CO Bag Conc 10.926817 ppm
Methane Bag Conc 4.306003 ppm

Integrated Concentrations Corrected for Background

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.848029
45.321106
41.821203
0.555125
10.688791

3.278176
120.527985
111.229125
15311.427562
18.773873
1.542350

53498.562086
46083.005466
7415.556621

Dilution (Total/Exhaust) 7.214369

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.822107
27.331045

0.068

ppm
ppm
ppm
percent
ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Thursday, March 09, 2006 1:59 PM

HC Bag Ambient 2.226345 ppm
NOx Bag Ambient 0.235287 ppm

NO Bag Ambient 0.007822 ppm
CO2 Bag Ambient 0.039913 percent
CO Bag Ambient 0.739302 ppm
Methane Bag Ambient 2.323316 ppm
Dilution/Engine Air Data

Barometric Pressure  30.114752 inHg
Relative Humidity 35.726115 percent
Engine Inlet Air Temp  71.929406 deg F
Absoute Humidity 41.051846 gr/lb
Brake Specific Emissions

HC 0.122219 g/bhp-hr
NOx 4.493606 g/bhp-hr
NO 4.146920 g/bhp-hr
COo2 570.851039 g/bhp-hr
CoO 0.699940 g/bhp-hr
NMHC 0.057503 g/bhp-hr
Correction Factors

NOx Humidity CF 0.919581 Kh

Dry to Wet CF 0.991483 Kw
Dilution Factor 105.637630 df

Fuel Data

Fuel Usage 4519.500000 grams
BSFC 0.371477 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.991051

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000148
2.749919
0.000611
1.454753
n/a

n/a

n/a
-0.003409
2.740420
1.447411

CcOo2

n/a

n/a

n/a
-0.134000
-0.244733
-0.316633

CO ppm
1

100
91.00
45.30
0.997881

CO ppm
-0.000163
90.985672
-0.124409
44.806496
n/a

n/a

n/a
0.128314
91.113495
45.034973

Cco
n/a
n/a
n/a
0.252723
0.228477
0.127823

Data processed on Thursday, March 09, 2006 2:00 PM

GTATTCEQ48
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
0.997746 0.970715
NOx ppm NO ppm
0.000384 -0.000510
230.922485 230.694870
-0.045322 -0.000376
127.219742 126.346107
n/a n/a
n/a n/a
n/a n/a
0.293554 0.014284
225.459076 224.662704
127.509239 125.223648
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.135550 0.005864
0.115799 -0.448984
-2.185364 -2.412866

HC ppm
1

1000
953.70
48.87
1.001036

HC ppm
-0.134311
954.892517
-0.058157
44.319340
n/a

n/a

n/a
0.824210
952.377625
44.768173

HC

n/a

n/a

n/a
0.088237
0.044883
-0.251489

Methane ppm
1

10

9.31

5.06
0.938452

Methane ppm
-0.001063
9.311681
-0.181438
3.541917
n/a

n/a

n/a
0.952126
9.521556
4.070533

Methane
n/a

n/a

n/a
11.335640
5.286160
2.098750



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQA48

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.982782 -0.221414  14.199562 0.985144
Speed (rpm) 0.991464 10.280145 17.855150 0.998410
Torque (Ib-ft) 0.977572 0.617176 58.600428 0.977525

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQ49

Test Information

Test ID GTATTCEQ49
Date Thu, Mar 09, 2006
Time 2:25 PM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

HC Bag Conc 4.568886
NOx Bag Conc 40.802319
NO Bag Conc 29.491980
CO2 Bag Conc 0.532991
CO Bag Conc 10.716234
Methane Bag Conc 4.424025

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.774513
45.875835
41.838390
0.559248
10.439457

3.205412
121.529624
110.837286
15432.415576
18.334425
1.407206

53505.632824
46019.898689
7485.734135

Dilution (Total/Exhaust) 7.147680

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.831537
27.330700

0.071

CAND. FUEL W/VISCON ONLY

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Thursday, March 09, 2006 3:27 PM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 2.533287 ppm
NOx Bag Ambient 0.222261 ppm

NO Bag Ambient -0.031997 ppm
CO2 Bag Ambient 0.034643 percent
CO Bag Ambient 0.748665 ppm
Methane Bag Ambient 2.359666 ppm
Dilution/Engine Air Data

Barometric Pressure  30.114752 inHg
Relative Humidity 39.411743 percent
Engine Inlet Air Temp  67.800277 deg F
Absoute Humidity 39.307160 gr/lb
Brake Specific Emissions

HC 0.119464 g/bhp-hr
NOx 4.529358 g/bhp-hr
NO 4.130859 g/bhp-hr
CO2 575.159579 g/bhp-hr
CoO 0.683316 g/bhp-hr
NMHC 0.052446 g/bhp-hr
Correction Factors

NOx Humidity CF 0.915773 Kh

Dry to Wet CF 0.991876 Kw
Dilution Factor 107.262824 df

Fuel Data

Fuel Usage 4520.500000 grams
BSFC 0.371428 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.993975

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000443
2.750176
-0.001686
1.448573
n/a

n/a

n/a
-0.004511
2.737481
1.442230

CcOo2

n/a

n/a

n/a
-0.094167
-0.211433
-0.423167

CO ppm
1

100
91.00
45.30
0.994865

CO ppm
-0.011446
90.843903
-0.177984
44.639584
n/a

n/a

n/a
0.159419
91.007591
44.790104

Cco
n/a
n/a
n/a
0.337403
0.150520
0.163688

Data processed on Thursday, March 09, 2006 3:28 PM

GTATTCEQ49
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
0.997146 0.971091
NOx ppm NO ppm
-0.005436 0.006150
231.069519 230.469711
0.033281 0.028049
127.487808 125.686966
n/a n/a
n/a n/a
n/a n/a
0.369510 -0.011053
230.349716 226.801453
127.409264 125.301109
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.134492 -0.015641
-0.031418 -0.154343
-0.287921 -1.467303

HC ppm
1

1000
953.70
48.87
0.992417

HC ppm
0.313437
952.910217
0.494516
44.592304
n/a

n/a

n/a
1.133564
952.509766
45.281185

HC

n/a

n/a

n/a
0.063905
0.068888
-0.040045

Methane ppm
1

10

9.31

5.06
0.983911

Methane ppm
-0.003746
9.311152
-0.162966
3.460385
n/a

n/a

n/a
0.647544
9.554610
4.191122

Methane
n/a

n/a

n/a
8.105100
7.307370
2.434580



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ49

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983924 -0.259552  14.024474  0.985537
Speed (rpm) 0.991511 10.208994 17.818719 0.998416
Torque (Ib-ft) 0.977868 0.641429 58.594073 0.977548

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQ50

Test Information

Test ID GTATTCEQ50
Date Thu, Mar 09, 2006
Time 3:46 PM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

HC Bag Conc 4.178363
NOx Bag Conc 40.378273
NO Bag Conc 29.283165
CO2 Bag Conc 0.545141
CO Bag Conc 10.981183
Methane Bag Conc 4.312864

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.071793
45.308427
41.576216
0.563459
10.445429

3.481394
120.533227
110.614851
15540.334104
18.328878
1.698763

53510.936730
46051.144318
7459.792412

Dilution (Total/Exhaust) 7.173247

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.812449
27.322613

0.068

CAND. FUEL W/VISCON ONLY

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Thursday, March 09, 2006 4:48 PM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 1.962186 ppm
NOx Bag Ambient 0.297633 ppm

NO Bag Ambient -0.018223 ppm
CO2 Bag Ambient 0.043484 percent
CO Bag Ambient 1.040302 ppm
Methane Bag Ambient 2.284972 ppm
Dilution/Engine Air Data

Barometric Pressure  30.117087 inHg
Relative Humidity 38.200997 percent
Engine Inlet Air Temp  70.039782 deg F
Absoute Humidity 41.149574 gr/lb
Brake Specific Emissions

HC 0.129842 g/bhp-hr
NOx 4.495420 g/bhp-hr
NO 4.125504 g/bhp-hr
COo2 579.593992 g/bhp-hr
CoO 0.683596 g/bhp-hr
NMHC 0.063357 g/bhp-hr
Correction Factors

NOx Humidity CF 0.919797 Kh

Dry to Wet CF 0.991461 Kw
Dilution Factor 94.722431 df

Fuel Data

Fuel Usage 4517.000000 grams
BSFC 0.371405 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.990504

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.001078
2.749515
-0.000964
1.452781
n/a

n/a

n/a
0.005567
2.759280
1.459671

CcOo2

n/a

n/a

n/a
0.217700
0.229667
0.325500

CO ppm
1

100
91.00
45.30
0.995025

CO ppm
-0.029206
90.887886
-0.204712
44.809704
n/a

n/a

n/a
0.285118
91.110069
44.983887

Cco
n/a
n/a
n/a
0.489830
0.174183
0.222183

Data processed on Thursday, March 09, 2006 4:48 PM

GTATTCEQ50
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
0.994611 0.975895
NOx ppm NO ppm
0.033595 -0.003262
230.983856 230.904816
0.027020 0.045453
127.356812 126.128036
n/a n/a
n/a n/a
n/a n/a
0.313054 0.017031
228.270340 226.416275
126.803970 125.102539
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.114414 -0.011369
-0.221137 -0.410199
-1.085406 -1.795416

HC ppm
1

1000
953.70
48.87
0.998750

HC ppm
-0.051058
954.740967
0.061638
44.412693
n/a

n/a

n/a
0.665395
954.512634
44.927162

HC

n/a

n/a

n/a
0.060376
0.051447
-0.022833

Methane ppm
1

10

9.31

5.06
0.958979

Methane ppm
-0.005304
9.309879
-0.158229
3.502097
n/a

n/a

n/a
0.459073
9.486366
4.154839

Methane
n/a

n/a

n/a
6.173020
6.527420
1.764870



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ50

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983528 -0.277001  14.069400 0.985425
Speed (rpm) 0.991455 10.319654 17.810399 0.998417
Torque (Ib-ft) 0.977803 0.497142 58.071046 0.977921

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Results
GTATTCEQ51

Test Information

Test ID GTATTCEQ51
Date Thu, Mar 09, 2006
Time 5:12 PM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

HC Bag Conc 4.144497
NOx Bag Conc 40.591320
NO Bag Conc 29.452759
CO2 Bag Conc 0.540417
CO Bag Conc 10.593880

Methane Bag Conc 4.093214

Integrated Concentrations Corrected for

HC Conc 3.978587
NOx Conc 45.565707
NO Conc 41.759030
CO2 Conc 0.557623
CO Conc 10.627082

Mass Emissions

HC Mass 3.400454
NOx Mass 120.837353
NO Mass 110.750829
CO2 Mass 15384.281350
CO Mass 18.679124
NMHC Mass 1.665203

Sample Flow Data

Total Volume (Vmix)  53505.246209
46096.198736

Dilution Flow
Exhaust Flow 7409.047473
Dilution (Total/Exhaust) 7.221609

Test Cycle Data

Hot-Cold Test 2.000000
Test Time 1212.000000
Total Work 26.822964
Reference Work 27.320563
Particulate 0.069

CAND. FUEL W/VISCON ONLY

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Thursday, March 09, 2006 6:14 PM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 1.950408 ppm
NOx Bag Ambient 0.271888 ppm

NO Bag Ambient -0.034377 ppm
CO2 Bag Ambient 0.037980 percent
CO Bag Ambient 0.492698 ppm
Methane Bag Ambient 2.112398 ppm
Dilution/Engine Air Data

Barometric Pressure  30.114752 inHg
Relative Humidity 37.044031 percent
Engine Inlet Air Temp  69.955988 deg F
Absoute Humidity 39.783601 gr/lb
Brake Specific Emissions

HC 0.126774 g/bhp-hr
NOx 4.504996 g/bhp-hr
NO 4.128956 g/bhp-hr
COo2 573.548903 g/bhp-hr
CoO 0.696386 g/bhp-hr
NMHC 0.062081 g/bhp-hr
Correction Factors

NOx Humidity CF 0.916806 Kh

Dry to Wet CF 0.991769 Kw
Dilution Factor 105.613042 df

Fuel Data

Fuel Usage 4512.000000 grams
BSFC 0.370849 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.988846

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000230
2.749831
-0.000593
1.452098
n/a

n/a

n/a
-0.004576
2.736755
1.446416

CcOo2

n/a

n/a

n/a
-0.132767
-0.189400
-0.435867

CO ppm
1

100
91.00
45.30
0.997361

CO ppm
0.069785
91.094757
-0.156739
44.789341
n/a

n/a

n/a
0.227262
91.177505
45.047424

Cco
n/a
n/a
n/a
0.384001
0.258083
0.082748

Data processed on Thursday, March 09, 2006 6:15 PM

GTATTCEQS1
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.003531 0.984624
NOx ppm NO ppm
-0.026417 -0.008536
231.038452 230.436996
0.027761 -0.007724
127.487823 126.060196
n/a n/a
n/a n/a
n/a n/a
0.273856 -0.036684
228.986710 225.256348
127.605934 124.864006
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.098438 -0.011584
0.047244 -0.478476
-0.820697 -2.072259

HC ppm
1

1000
953.70
48.87
0.999824

HC ppm
-0.176543
953.357178
0.183875
44.417225
n/a

n/a

n/a
0.268136
955.572815
44.905895

HC
n/a
n/a
n/a
0.008426
0.048867
0.221564

Methane ppm
1

10

9.31

5.06
0.966359

Methane ppm
-0.007200
9.262889
-0.137327
3.617028
n/a

n/a

n/a
0.006387
9.459282
4.152547

Methane
n/a

n/a

n/a
1.437140
5.355190
1.963930



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ51

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983519 -0.225698  14.082313 0.985401
Speed (rpm) 0.991524 10.188852 17.789350 0.998421
Torque (Ib-ft) 0.977555 0.736211 58.358633 0.977701

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQ52

Test Information

Test ID GTATTCEQ52
Date Thu, Mar 09, 2006
Time 7:01 PM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

HC Bag Conc 4.630881
NOx Bag Conc 40.258514
NO Bag Conc 28.719522
CO2 Bag Conc 0.541365
CO Bag Conc 10.396838
Methane Bag Conc 4.319232

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.147476
45.762686
41.809180
0.553597
10.248121

3.535614
120.745806
110.308926
15270.328425
18.001987
1.868641

53504.794510
46165.065978
7339.728532

Dilution (Total/Exhaust) 7.289751

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.827709
27.333188

0.070

CAND. FUEL W/VISCON ONLY

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Thursday, March 09, 2006 8:05 PM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 2.342826 ppm
NOx Bag Ambient 0.106065 ppm

NO Bag Ambient -0.067881 ppm
CO2 Bag Ambient 0.039591 percent
CO Bag Ambient 0.620319 ppm
Methane Bag Ambient 2.415608 ppm
Dilution/Engine Air Data

Barometric Pressure  30.114752 inHg
Relative Humidity 35.390656 percent
Engine Inlet Air Temp  69.649353 deg F
Absoute Humidity 37.595935 gr/lb
Brake Specific Emissions

HC 0.131790 g/bhp-hr
NOx 4.500787 g/bhp-hr
NO 4.111753 g/bhp-hr
COo2 569.199859 g/bhp-hr
CoO 0.671022 g/bhp-hr
NMHC 0.069653 g/bhp-hr
Correction Factors

NOx Humidity CF 0.912057 Kh

Dry to Wet CF 0.992263 Kw
Dilution Factor 107.340609 df

Fuel Data

Fuel Usage 4538.500000 grams
BSFC 0.372961 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.991442

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000707
2.749239
-0.000360
1.454545
n/a

n/a

n/a
-0.005183
2.737369
1.446185

CcOo2

n/a

n/a

n/a
-0.160767
-0.278667
-0.395667

CO ppm
1

100
91.00
45.30
0.996965

CO ppm
-0.098447
90.896492
-0.295137
44.625790
n/a

n/a

n/a
0.038927
90.888649
44.663456

Cco

n/a

n/a

n/a
0.334064
0.037666
-0.007843

Data processed on Thursday, March 09, 2006 8:06 PM

GTATTCEQ52
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
0.990182 0.964957
NOx ppm NO ppm
-0.046133 -0.004809
231.096909 231.000137
-0.130737 0.024847
127.494598 126.023331
n/a n/a
n/a n/a
n/a n/a
0.174085 -0.044311
228.716797 224.645096
128.328156 124.595840
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.121929 -0.027663
0.333423 -0.570996
-0.952045 -2.542016

HC ppm
1

1000
953.70
48.87
0.998592

HC ppm
0.134733
953.865173
0.402122
44.906376
n/a

n/a

n/a
0.908565
955.500793
45.687931

HC
n/a
n/a
n/a
0.050644
0.078155
0.163562

Methane ppm
1

10

9.31

5.06
0.886442

Methane ppm
-0.001175
9.313453
-0.165048
3.815960
n/a

n/a

n/a
0.909944
9.637578
4.541947

Methane
n/a

n/a

n/a
10.749920
7.259870
3.241250



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ52

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983127 -0.238752  14.230464  0.985089
Speed (rpm) 0.991552 10.121029 17.708104 0.998436
Torque (Ib-ft) 0.977924 0.554902 58.296884 0.977766

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQS53

Test Information

Test ID GTATTCEQ53
Date Thu, Mar 09, 2006
Time 8:14 PM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

HC Bag Conc 5.363351
NOx Bag Conc 40.401890
NO Bag Conc 29.422199
CO2 Bag Conc 0.542512
CO Bag Conc 10.705815
Methane Bag Conc 4.736742

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

3.499417
45.228972
41.679421
0.551701
10.463018

2.948037
119.590891
110.213559
15218.389678
18.367607
1.242805

53505.812417
46187.270392
7318.542026

Dilution (Total/Exhaust) 7.310993

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.832342
27.332293

0.067

CAND. FUEL W/VISCON ONLY

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Thursday, March 09, 2006 9:15 PM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 3.137126 ppm
NOx Bag Ambient 0.335501 ppm

NO Bag Ambient -0.005334 ppm
CO2 Bag Ambient 0.040116 percent
CO Bag Ambient 0.852891 ppm
Methane Bag Ambient 2.777292 ppm
Dilution/Engine Air Data

Barometric Pressure  30.114752 inHg
Relative Humidity 36.457780 percent
Engine Inlet Air Temp  69.482356 deg F
Absoute Humidity 38.518493 gr/lb
Brake Specific Emissions

HC 0.109869 g/bhp-hr
NOx 4.456968 g/bhp-hr
NO 4.107489 g/bhp-hr
COo2 567.165908 g/bhp-hr
CoO 0.684532 g/bhp-hr
NMHC 0.046317 g/bhp-hr
Correction Factors

NOx Humidity CF 0.914054 Kh

Dry to Wet CF 0.992054 Kw
Dilution Factor 108.120906 df

Fuel Data

Fuel Usage 4505.000000 grams
BSFC 0.370144 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.988113

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000104
2.749945
0.001215
1.456428
n/a

n/a

n/a
-0.004261
2.740072
1.448838

CcOo2

n/a

n/a

n/a
-0.182533
-0.253000
-0.329100

CO ppm
1

100
91.00
45.30
0.997868

CO ppm
0.061962
91.019829
-0.050572
44787216
n/a

n/a

n/a
0.210805
91.126343
44.907894

Cco
n/a
n/a
n/a
0.261377
0.120678
0.106514

Data processed on Thursday, March 09, 2006 9:16 PM

GTATTCEQ53
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
0.990814 0.969460
NOx ppm NO ppm
-0.005928 -0.055537
230.991028 230.764465
-0.242662 -0.032768
127.443123 126.355270
n/a n/a
n/a n/a
n/a n/a
0.216521 -0.051006
225.311707 223.835388
127.426117 123.829987
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.183673 -0.007295
-0.006802 -1.010113
-2.271728 -2.771631

HC ppm
1

1000
953.70
48.87
0.996476

HC ppm
0.040400
953.581909
0.405445
44.791264
n/a

n/a

n/a
1.560988
954.789551
45.781788

HC
n/a
n/a
n/a
0.115554
0.099052
0.120764

Methane ppm
1

10

9.31

5.06
0.903986

Methane ppm
-0.006996
9.310369
-0.199979
3.686330
n/a

n/a

n/a
1.395435
9.716852
4.520917

Methane
n/a

n/a

n/a
15.954140
8.345870
4.064830



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQS53

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.983324 -0.211202  14.173633  0.985209
Speed (rpm) 0.991245 10.622405 17.757898  0.998426
Torque (Ib-ft) 0.978125 0.581882 58.368463 0.977719

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Test Results
GTATTCEQ54

Test Information

Test ID GTATTCEQ54
Date Fri, Mar 10, 2006
Time 7:38 AM

Fuel Specification DIESEL

Test Comments:

Bag Emissions Concentrations

HC Bag Conc 3.420746
NOx Bag Conc 41.058182
NO Bag Conc 29.338844
CO2 Bag Conc 0.561020
CO Bag Conc 10.212101
Methane Bag Conc 4.304248

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions

HC Mass
NOx Mass
NO Mass
CO2 Mass
CO Mass
NMHC Mass

Sample Flow Data
Total Volume (Vmix)

Dilution Flow
Exhaust Flow

4.653947
46.134797
42.232058
0.550571
10.402907

4.011658
120.089968
109.933177
15172.605893
18.293012
2.266607

53504.750875
46150.588856
7354.162019

Dilution (Total/Exhaust) 7.275438

Test Cycle Data

Hot-Cold Test
Test Time
Total Work

Reference Work

Particulate

2.000000
1212.000000
26.831045
27.335683

0.067

CAND. FUEL W/VISCON ONLY

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Friday, March 10, 2006 8:43 AM

Engine Information

Engine Manufacturer ~ Cummins
Engine Model M11 400E
Engine Serial Number 60412072

Bag Background Concentrations

HC Bag Ambient 1.191623 ppm
NOx Bag Ambient 0.094343 ppm

NO Bag Ambient -0.088478 ppm
CO2 Bag Ambient 0.056054 percent
CO Bag Ambient 0.378235 ppm
Methane Bag Ambient 2.352074 ppm
Dilution/Engine Air Data

Barometric Pressure  30.114752 inHg
Relative Humidity 30.003651 percent
Engine Inlet Air Temp  69.640042 deg F
Absoute Humidity 31.812789 gr/lb
Brake Specific Emissions

HC 0.149516 g/bhp-hr
NOx 4.475784 g/bhp-hr
NO 4.097238 g/bhp-hr
COo2 565.486953 g/bhp-hr
CoO 0.681785 g/bhp-hr
NMHC 0.084477 g/bhp-hr
Correction Factors

NOx Humidity CF 0.899738 Kh

Dry to Wet CF 0.993570 Kw
Dilution Factor 92.363813 df

Fuel Data

Fuel Usage 4510.000000 grams
BSFC 0.370572 Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.996171

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000120
2.748998
0.002704
1.462080
n/a

n/a

n/a
0.007311
2.770560
1.473775

CcOo2

n/a

n/a

n/a
0.153567
0.389833
0.718733

CO ppm
1

100
91.00
45.30
0.997402

CO ppm
-0.056413
90.938293
-0.113518
44.771584
n/a

n/a

n/a
0.137564
91.306999
44.958923

Cco
n/a
n/a
n/a
0.251082
0.187339
0.368706

Data processed on Friday, March 10, 2006 8:44 AM

GTATTCEQ54
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.014213 0.988898
NOx ppm NO ppm
-0.024645 0.014193
230.864716 230.693802
-0.157451 0.019518
127.194656 126.002037
n/a n/a
n/a n/a
n/a n/a
0.140618 -0.091976
228.825882 225.936218
127.200996 124.769363
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.119228 -0.044598
0.002536 -0.493070
-0.815534 -1.903034

HC ppm
1

1000
953.70
48.87
0.996411

HC ppm
-0.028563
952.632019
0.006253
44 557774
n/a

n/a

n/a
0.261328
956.760559
45.254433

HC
n/a
n/a
n/a
0.025508
0.069666
0.412854

Methane ppm
1

10

9.31

5.06
0.882154

Methane ppm
-0.008299
9.309048
-0.317991
3.678971
n/a

n/a

n/a
0.273823
9.376584
4.299703

Methane
n/a

n/a

n/a
5.918140
6.207320
0.675360



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ54

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.982756 -0.216138  14.181787 0.985180
Speed (rpm) 0.991054 10.973903 17.935627 0.998394
Torque (Ib-ft) 0.977234 0.826953 58.503798 0.977584

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC

Test Information
Test ID

Date

Time

Fuel Specification
Test Comments:

Heavy Duty Transient Test Results
GTATTCEQ55

GTATTCEQ55

Fri, Mar 10, 2006

8:53 AM
DIESEL

CAND. FUEL W/VISCON ONLY

Bag Emissions Concentrations

HC Bag Conc

NOx Bag Conc

NO Bag Conc

CO2 Bag Conc

CO Bag Conc
Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions
HC Mass

NOx Mass

NO Mass

CO2 Mass

CO Mass

NMHC Mass

Sample Flow Data
Total Volume (Vmix)
Dilution Flow

Exhaust Flow

Dilution (Total/Exhaust)

Test Cycle Data
Hot-Cold Test
Test Time

Total Work
Reference Work

Particulate

3.404391
41.846474
30.364534
0.540373
10.145513
4.495071

4.217949
47.463642
43.184364
0.546209
10.426616

3.629714
122.784032
111.710718
15067.977796
18.338560
2.037733

53499.619468
46143.638238
7355.981230
7.272941

2.000000
1212.000000
26.804890
27.318485

0.067

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Friday, March 10, 2006 9:54 AM

Engine Information
Engine Manufacturer

Engine Model

Engine Serial Number

Bag Background Concentrations

HC Bag Ambient

NOx Bag Ambient

NO Bag Ambient

CO2 Bag Ambient

CO Bag Ambient
Methane Bag Ambient

Cummins
M11 400E
60412072

1.231960
0.144402
-0.084659
0.037271
0.273399
2.727821

Dilution/Engine Air Data

Barometric Pressure
Relative Humidity
Engine Inlet Air Temp
Absoute Humidity

30.114752
26.460940
70.867849
29.216746

Brake Specific Emissions

HC
NOx
NO
CcOo2
CcO
NMHC

Correction Factors
NOx Humidity CF

Dry to Wet CF

Dilution Factor

Fuel Data
Fuel Usage
BSFC

0.135412
4.580658
4.167550
562.135414
0.684150
0.076021

0.894315
0.994158
122.888065

4514.000000
0.371263

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.991569

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
0.000023
2.750132
0.000249
1.454678
n/a

n/a

n/a
-0.008257
2.734266
1.444760

CcOo2

n/a

n/a

n/a
-0.283533
-0.330600
-0.528867

CO ppm
1

100
91.00
45.30
0.997221

CO ppm
0.002849
90.963356
-0.203780
44.713223
n/a

n/a

n/a
0.210168
91.096184
44.923378

Cco
n/a
n/a
n/a
0.413948
0.210155
0.132828

Data processed on Friday, March 10, 2006 9:56 AM

GTATTCEQS55
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.002606 0.974174
NOx ppm NO ppm
0.037725 -0.011303
230.948990 230.901703
-0.053000 -0.029293
127.492760 126.077560
n/a n/a
n/a n/a
n/a n/a
0.263087 -0.083831
230.065277 229.610840
127.198532 125.748734
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.126435 -0.021815
-0.117691 -0.131530
-0.353485 -0.516345

HC ppm
1

1000
953.70
48.87
0.997729

HC ppm
-0.271998
953.733215
-0.222730
44.166645
n/a

n/a

n/a
-0.127600
952.673035
44.590916

HC

n/a

n/a

n/a
0.009513
0.042427
-0.106018

Methane ppm
1

10

9.31

5.06
0.873776

Methane ppm
-0.005369
9.303881
-0.149745
3.793052
n/a

n/a

n/a
0.361106
9.452245
4.416182

Methane
n/a

n/a

n/a
5.108510
6.231300
1.483640



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ55

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.982769 -0.214280 14.207816 0.985118
Speed (rpm) 0.991707 9.924922 17.778453 0.998424
Torque (Ib-ft) 0.976518 0.869984 58.767521 0.977342

All regression statistics are within tolerances.



Olson-Ecologic Engine Testing Laboratories, LLC

Test Information
Test ID

Date

Time

Fuel Specification
Test Comments:

Heavy Duty Transient Test Results
GTATTCEQ56

GTATTCEQ56

Fri, Mar 10, 2006

10:03 AM
DIESEL

CAND. FUEL W/VISCON ONLY

Bag Emissions Concentrations

HC Bag Conc

NOx Bag Conc

NO Bag Conc

CO2 Bag Conc

CO Bag Conc
Methane Bag Conc

Integrated Concentrations Corrected for

HC Conc
NOx Conc
NO Conc
CO2 Conc
CO Conc

Mass Emissions
HC Mass

NOx Mass

NO Mass

CO2 Mass

CO Mass

NMHC Mass

Sample Flow Data
Total Volume (Vmix)
Dilution Flow

Exhaust Flow

Dilution (Total/Exhaust)

Test Cycle Data
Hot-Cold Test
Test Time

Total Work
Reference Work

Particulate

4.384995
42.003498
30.386793
0.541180
10.267965
4.520741

4.245829
47.547872
43.276317
0.550214
10.210563

3.625997
122.539883
111.535773
15178.369766
17.939665
1.980572

53501.440985
46148.084480
7353.356504
7.275785

2.000000
1212.000000
26.823702
27.329842

0.071

ppm
ppm
ppm
percent
ppm
ppm

Background
ppm

ppm

ppm

percent

ppm

grams
grams
grams
grams
grams
grams

scf
scf
scf
ratio

1=Cold, 2=Hot
sec

bhp-hr

bhp-hr

g/bhp-hr

Data processed on Friday, March 10, 2006 11:05 AM

Engine Information
Engine Manufacturer

Engine Model

Engine Serial Number

Bag Background Concentrations

HC Bag Ambient

NOx Bag Ambient

NO Bag Ambient

CO2 Bag Ambient

CO Bag Ambient
Methane Bag Ambient

Cummins
M11 400E
60412072

2.187572
0.178511
-0.053313
0.040176
0.610186
2.657195

Dilution/Engine Air Data

Barometric Pressure
Relative Humidity
Engine Inlet Air Temp
Absoute Humidity

30.114752
23.539063
72.514192
27.494688

Brake Specific Emissions

HC
NOx
NO
CcOo2
CcO
NMHC

Correction Factors
NOx Humidity CF

Dry to Wet CF

Dilution Factor

Fuel Data
Fuel Usage
BSFC

0.135179
4.568343
4.158105
565.856635
0.668799
0.073837

0.890754
0.994549
109.785668

4506.000000
0.370345

ppm
ppm
ppm
percent
ppm
ppm

inHg
percent
deg F
gr/lb

g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr
g/bhp-hr

Kh
Kw
df

grams
Ib/bhp-hr



Olson-Ecologic Engine Testing Laboratories, LLC

Heavy Duty Transient Test Calibration Report

Analyzer Configuration and Calibration Data

Range
Full Scale

Span Concentration
Mid Span Concentration
Software Cal Factor

CO2 %
1

3
2.750
1.414
0.988252

Calibration Check Data

Zero Calibration

Span Calibration

Zero Check

Mid Span Check

Zero Check 1
Span Check 1

Mid Span Check 1

Zero Check 2
Span Check 2

Mid Span Check 2

Analyzer Drift (percent of full scale)

Phase 1 Zero

Phase 1 Mid Span

Phase 1 Span
Phase 2 Zero

Phase 2 Mid Span

Phase 2 Span

CO2 %
-0.000022
2.748934
-0.000437
1.452209
n/a

n/a

n/a
-0.004569
2.737713
1.447851

CcOo2

n/a

n/a

n/a
-0.137733
-0.145267
-0.374033

CO ppm
1

100
91.00
45.30
0.997207

CO ppm
-0.011143
91.011475
-0.222480
44.757805
n/a

n/a

n/a
0.142737
91.087585
44.825085

Cco
n/a
n/a
n/a
0.365217
0.067280
0.076110

Data processed on Friday, March 10, 2006 11:06 AM

GTATTCEQ56
NOXx ppm NO ppm
3 2
250 250
231.00 231.00
126.60 126.60
1.003237 0.973634
NOx ppm NO ppm
0.044471 -0.040906
230.962708 231.017181
-0.000142 -0.030102
127.286179 125.886826
n/a n/a
n/a n/a
n/a n/a
0.296210 -0.086190
230.472443  229.001556
127.587410 125.642815
NOXx NO
n/a n/a
n/a n/a
n/a n/a
0.118541 -0.022435
0.120492 -0.097604
-0.196106 -0.806250

HC ppm
1

1000
953.70
48.87
0.993791

HC ppm
0.132659
953.599243
0.245136
44.953415
n/a

n/a

n/a
0.645765
953.794617
45.476295

HC
n/a
n/a
n/a
0.040063
0.052288
0.019537

Methane ppm
1

10

9.31

5.06
0.962601

Methane ppm
-0.002519
9.311651
-0.183958
3.829762
n/a

n/a

n/a
0.377188
9.547470
4.484946

Methane
n/a

n/a

n/a
5.611460
6.551840
2.358190



Olson-Ecologic Engine Testing Laboratories, LLC
Heavy Duty Transient Regression Analysis
GTATTCEQ56

Regression Statistics

Slope Y Intercept  SE R2
Power (hp) 0.982709 -0.190418  14.156443  0.985233
Speed (rpm) 0.991361 10.457941 17.868468  0.998407
Torque (Ib-ft) 0.976616 0.972878 58.674716  0.977429

All regression statistics are within tolerances.





